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SPECIAL PURPOSE INDEXES FOR THE EQUATION OF 
EXCHANGE FOR THE UNITED STATES, 1919-1927 


By Morris A. Copetann, Cornell University 


Attempts to test statistically an hypothesis regarding the casual 
relations between the quantity of currency in circulation and changes 
in the general level of prices necessarily presuppose a fairly accurate 
estimate of the principal items in the equation of exchange by months. 
Yearly figures offer a partial validation of Fisher’s general analysis, 
but they do not enable us to investigate the lags among the items in his 
equation which are of chief significance for disclosing their casual rela- 
tions. Figures for deposit currency and “the price level” alone do not 
afford an edaquate basis for such statistical analysis, as Working 
appears to have argued.! It is quite possible, for example for P, ‘‘the 
price level,” to lag behind M’, deposit currency, and at the same time 
for M’V’, check payments, to lag behind PT’, the dollar volume of 
transactions. If this should turn out to be the case, the casual signifi- 
cance of a lead of M’ over P is certainly considerably different from 
what it would be if M’V’, check payments, and PT should turn out to 
be synchronous, or if M’V’ should lead PT. 

The recent development of statistical information in this country 
has made possible the construction of monthly indexes for “the price 
level” and “the physical volume of trade”’ for a period which is suffi- 
cient to yield results of some significance. These materials have been 
organized by Snyder to give an estimate of the changes in “the general 
level of prices” by months since 1913,? and of “the physical volume of 
trade” by months since 1919.5 Snyder’s indexes, combined with the 


‘Holbrook Working, Quarterly Journal of Economics, Vol. 37, pp. 229-257; Review of Economic Sta- 
tistics, Vol. 7, pp. 120-133. 

*Carl Snyder, ‘The Measure of the General Price Level,” Review of Economic Statistics, February, 
1928. (The original index goes back to 1875.) 

*Carl Snyder, ‘The Index of the Volume of Trade: Second Revision,”’ this JouRNaL, June, 1928, 
Vol. XXIII, p. 154 et seq. 
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(2 
available data on bank debits and net demand deposits of reporting 
member banks and of cash in circulation, have supplied us with 
monthly estimates for the principal items in Fisher’s equation since 
1919, which place that analysis on a definite factual basis and have 
thrown valuable light on the cyclical relationships of the several 
items. 

But when one attempts to use Snyder’s indexes for a detailed study 
of lags and leads in the equation of exchange, a number of difficulties 
appear. Snyder’s indexes are general purpose indexes, and it is an old 
story that general purpose indexes fit any particular problem badly. 
As a measure of changes in the physical volume of trade with the busi- 
ness cycle Snyder’s trade index has many advantages over other indexes 
of general business, but the very characteristics which make it pecul- 
iarly adapted to this purpose are in some respects drawbacks for the 
purpose of estimating 7 as an item in the equation of exchange. 
Snyder’s index is a weighted average of relatives to trend with all the 
prominent seasonal variations eliminated. It thus shows only cyclical 
and sporadic fluctuations of 7. But for a study of the time lags among 
the items in the equation of exchange, it is highly important to know 
the seasonal variations. Again, the elimination of trends from the 
constituent series facilitates the use of a series like chain grocery sales 
as an index of the retail grocery trade (since the two may be presumed 
to differ chiefly in trend). But some measurement of the trend of T, 
made independently of any consideration of the trend of bank debits, is 
needed for comparing PT with MV+M’V’ if we are adequately to 
check the accuracy of the P and T indexes. Furthermore, while the 
index of trade, as a measure of the business cycle, is probably improved 
by the inclusion of deflated bank debits, it is clear that such a series 
should not be included in an estimate of T as an item in the equation of 
exchange for two reasons: (1) Bank debits are a fairly accurate measure 
of M’'V’. They are clearly not one of the special groups of “‘pt’s’’ that 
go to make up PT (or = pt). (2) In order to include debits in T it is 
necessary, because they represent no special group, to deflate them with 
a general index of prices. Thus an important element in Snyder’s T 


is not determined from empirical data independently of the other items 


M'vV’ 


in the equation of exchange but as _~ This element has a weight of 





12 per cent. New capital flotations, as a constituent 7’ series with a 
weight of 2 per cent in Snyder’s index, are also subject to the objection 
that they have been deflated by P. Both Snyder’s trade index and his 
index of the general price level are, for purposes of their specific use iD 
the equation of exchange, open to certain criticisms of weighting. And 
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finally, indexes of P and T alone, for reasons that will presently be 
noted, give an incomplete picture of the so-called “goods side” of the 
equation.! 

Certainly none of these points is intended as a criticism of Snyder’s 
indexes as general purpose indexes. But it has seemed desirable, in 
view of the difficulties in his indexes for the specific purpose in hand, 
to construct a new set of special purpose indexes upon which a study of 
the lags and leads in the equation of exchange can be based. The 
present paper aims to set forth these new indexes, including certain 
corrected indexes for the so-called money side of the equation. Ina 
subsequent paper some of the leads and lags will be analyzed. 

It has often been said that the equation of exchange is a tautology. 
If the equation is stated, “‘the quantity of cash disbursed in any period 
in discharge of financial obligations = the value of financial obligations 
discharged in that period,” it may be said to be a tautology. But 
when one substitutes = pt for “ value of financial obligations discharged,” 
where ‘‘t”? means number of units of a good purchased during the period 
and “p”’ the average market price charged for the good, the second 
part of the equation refers more nearly to “obligations incurred to 
make money payments” than to “obligations discharged.”’ In this 
form the two sides of the equation are separate, empirically determin- 
able magnitudes, and it even becomes a pertinent question whether the 
equation is precisely true. 

Let us consider first the problems of measurement involved in the 
“obligations discharged” side of the equation. It has been customary 
to represent this as MV + M’V’, where MV refers to cash payments and 
M'V’ refers to payments by check. The chief source of information on 
this side of the equation is “‘debits to individual accounts” in 141 
centers. These include approximately 80 per cent of all such debits ? 
in the United States. A debit to an individual account may arise from 
(1) a payment by check; (2) the withdrawal of cash from a bank 
(either from a time or a demand account) ; (3) a withdrawal from a time 
account for immediate transfer to a demand account. Fisher has 
estimated that a dollar withdrawn from a bank makes on the average 
less than two payments before it is redeposited. Apparently, then, the 
debits data include a large proportion of cash payments (slightly in 
advance of their actual occurrence) as well as payments by check. 
They also include under item (3) certain debits which do not properly 
fall either under MV or M’V’—debits which are merely changes from 
one form of deposit to another. To include them and then to include 


1 These points are developed more fully below. 
? See the writer’s estimate, this Journal, September, 1928, p. 303. 
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also the checks drawn on the demand deposits so created would be to 
count these cash disbursements twice. 

Because our present information does not enable us to separate ac- 
curately on a monthly basis what Fisher called MV from what he 
called M’V’, we will use only the one set of symbols MV for the left- 
hand member of the equation, as representing all cash disbursements. 
But we may correct the monthly debits series by more accurate annual 
estimates to meet the difficulties that have just been noted. 


Annual estimates for this purpose have been made as follows: 


1. From annual estimates of total United States debits ' two times 
the estimated total time deposits of all United States banks (as of ap- 
proximately June 30) was subtracted, 7. e., it was assumed that time 
deposits turn over twice a year.? The result=estimated debits to 
demand accounts. 

2. No. 1 was divided by demand deposits of all banks to determine 
their approximate rate of turnover. It was assumed that the annual 
turnover of money in circulation was the same as this slightly exag- 
gerated demand deposit turnover,’ and cash payments estimated by 
multiplying V by money in circulation. One half of the result was 
added to the estimated annual debits to demand accounts (on the as- 
sumption that about half of cash payments is already included in No. 1). 
The result agrees approximately with an independent estimate for 1919 
and 1921 based on Fisher’s 1909 figure for cash turnover. 

3. Debits to Federal Government accounts in Federal Reserve 
Banks were added to No. 2 to give estimates of total cash disburse- 
ments. The monthly data on debits in 141 centers were adjusted to 
agree with these annual estimates. 

The result is perhaps imperfectly representative of some types of 
payments, particularly rural payments, but on the whole is probably a 
fairly reliable index of MV. 

M is also an empirically determinable quantity. Much the largest 
element in M is demand deposits. Information on demand deposits 
of banks which are members of the Federal Reserve System is available 
for dates of call—not monthly. Figures for dates of call have therefore 
been interpolated on the basis of net demand deposits * to get monthly 

1 See the present writer, loc. cit. 

2Cf. W. Randolph Burgess, Federal Reserve Bulletin, Vol. 9, p. 563. A questionnaire submitted 
by the writer answered by some twenty-five banks out of seventy-five, showed wide variations about 
this figure. In the absence of more information it may be accepted as the best present guess. 

3 Slightly exaggerated because cash withdrawals are not excluded. 

4 Prior to April, 1923, these monthly data are for reporting member banks; thereafter for all member 


banks. The call-date items represent individual ‘‘demand deposits’’ less ‘‘ exchanges for clearing 
house,” “ items with Federal Reserve banks in process of collection ’’ and “* outside checks.”’ 
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figures. Net demand deposits include certain net items ‘due to other 
banks” and are unsatisfactory as an index of deposit currency, but they 
are the best available basis for interpolation. ‘To these monthly esti- 
mates of deposit currency made by interpolation, one half! of the 
revised figures on money in circulation has been added to make the 
index of M comparable with that of MV, which includes both check 
payments and a part of payments with cash. That is, M=demand 
deposits of member banks, interpolated on monthly figures for net 
demand deposits+one half of the currency in circulation. The result- 
ing index of M represents the average for each month (in the case of 
deposits it is an average of figures for first and last of the month). The 
annual averages of this index were corrected to agree with estimates of 
total demand deposits plus total currency in circulation, in a manner 
analogous to the corrections of the annual averages of the MV index. 
One theoretical qualification should perhaps be noted. To a consider- 
able and probably an increasing extent the line between deposit cur- 
rency and savings deposits is blurred. Savings deposits are used today, 
to an extent which it is impossible to determine, as a cash reserve, 
where formerly this reserve may have been in the form of a demand 
deposit. If we cannot say with certainty precisely what is meant by 
“eurrency in circulation,” we shall do well to remember this difficulty 
in attributing casual primacy to M. 

We may consider next the problem of measurement of the dollar 
volume of obligations incurred to make money payments. Theo- 
retically these data may be compiled on either of two bases: (1) as 
obligations of business enterprises or other parties, incurred to make 
money payments, and (2) as claims to receive money payments ac- 
quired by the prospective recipients. Actually most of our figures are 
from the point of view of the prospective payee, representing either cash 
receipts or additions to his “‘receivables.”” If we had complete figures 
on this basis it would be desirable, in order to avoid double counting, 
not to include any figures for cash disbursements or additions to 
“payables.” In estimating PT for a single country like the United 
States, therefore, we should include merchandise and invisible imports 
as representing sales of foreign exchange, and so receipts of the foreign 
exchange bankers, but theoretically we should not include exports as a 
separate item, since these would all appear as sales of commodities, 
securities, services, etc.2 As a matter of fact, figures on trade are so 


1 Since cash is a small item compared to deposits and agrees approximately in its movements, the 
coefficient ‘‘one half” gives about the same results as would zero or one. 

? This seems a more logical view than one half (exports + imports), the one Fisher states in Purchasing 
Power of Money, 2d ed., p. 483, especially since he clearly distinguishes the two bases of compilation on 
p. 373. 
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incomplete as to make it desirable to include merchandise exports in 
the monthly indexes, and probably also government disbursements. 

In order to determine the importance of the several available monthly 
series for purposes of assigning weights, and in order to appraise the 
reliability of an index based on data now available, it is desirable to 
know approximately the annual dollar volume of money payments to 
which each main class of transactions gives rise. Crude estimates of 
this sort have been made for 1919 and 1921.1. These estimates bring 
out several important points :-— 

1. Financial transactions are of outstanding importance. The 
following groups of transactions probably amounted to two hundred 
billion dollars, or over 30 per cent of the total of cash disbursements in 
1919 (about six hundred billion dollars)—short-time loans, resales and 
repayments, capital flotations and retirements, stock exchange and 
over-the-counter security sales, commodity exchange transactions, time 
deposits, foreign exchange sold, interest and dividend payments. 

2. Not all obligations to make money payments arise from the sale 
of a specifiable physical volume of goods or services at a specifiable 
price. Most taxes and charity subscriptions fit this formula badly. 
The flotation of a new stock issue involves a sale, but practically it 
seems hardly feasible to find two time series, one to represent prices and 
one physical volume of sales of new securities. Again, the making ofa 
loan and the payment of interest and principal are not easily to be 
treated asa “‘p” X a “‘t.”” And there are a number of other transac- 
tions that are at least equally difficult to treat as a“‘p” X a “t.” 
The following items probably amounted to at least two hundred billion 
dollars in 1919, or over 30 per cent of the total MV—short-time loans, 
resales and repayments, payments from one checking account to another 
held by the same depositor, capital flotations and retirements, time 
deposits made, taxes, insurance premiums and benefits, interest and 
dividend payments, reimbursements of agents for expenses incurred, 
cash gifts, receipts of churches and clubs. In view of the importance 
of these transactions it seems necessary to include them in our indexes 
for the right-hand side of the equation. We shall designate this 
general group of transactions R, and write the equation MV =k 
(PT+R).2 And our problem is enlarged to include the construction 
of an index of PT + R. 

3. The information available on a monthly basis regarding PT+R 


1 For certain groups not represented in the indexes these estimates are not yet completed. The 
methods employed in the several estimates are somewhat complicated and cannot be set forth here. It 
is hoped that a description of them will be available shortly. 

? kis an arbitrary constant. It enables us to express the right-hand member in index number form 02 
any desired base. 
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is far from complete. It probably represents less than one third of the 
total PT+R. Data on R are particularly scarce; it seems improbable 
that as much as one sixth of R is represented by current monthly 
figures. Some of the more important items for which information is 
largely lacking are, in approximate order of magnitude, short-time loan 
transactions (especially brokers’ day loans), over-the-counter bond 
sales, payments from one checking account to another held by the same 
party, activity of time deposits, payrolls (other than railroad and man- 
ufacturing), personal and professional service enterprise revenues, 
rents, real estate sales, local government revenues. 

The indexes which are available for the various groups of transactions 
may be in the form of “‘p’s,” “‘t’s,” or pt’s,” a price series, a physical 
volume series, or a dollar volume series. Any two of these three, re- 
ferring to the same set of transactions, will suffice. But in a number of 
cases either only one is available or if two are available, they refer to 
two partly overlapping but not quite identical groups of transactions. 
A “t” for real estate sales is available (for 41 cities), but no satisfactory 
corresponding ‘“p”’ or “‘pt.”” For house rents we have a “p”’ but no 
corresponding monthly “pt” or “t.” In the case of manufacturing 
revenues we have a “‘t”’ (output) and can adapt existing “‘p’’ indexes to 
represent a manufacturing “p.’”’ Moreover, we can correct the result- 
ing “‘pt’s” biennially by the census figures. Wherever a “p,” a “t,”’ 
and a “‘pt’’ series were available such a correction has been made in the 
series employed in the P, 7, and PT'+R indexes. And more accurate 
annual data have, so far as possible, been used to correct the monthly 
figures. The constituent series employed, then, consist of correspond- 
ing ‘‘p’s,” “?t’s,”’ and “ pt’s,’”’ such that for each set “p” XK “t’’ =“‘pt,” 
and such that the annual averages of the monthly “p’s,” “t’s,” or 
“‘pt’s” agree with corresponding annual data. 

In constructing the indexes an approximation to Fisher’s ideal for- 
mula has been used. This means that the basic index is the PT+R 
index. This is a weighted average of relatives to 1919, with the 
weights based on the 1919 dollar volume estimates. Since the monthly 
data have been corrected by annual figures, this index is not materially 
affected by the choice of 1919 as a weight-base year.' The construc- 


‘If W represents any pt or r and the year is indicated by the subscript, we have 


>» Wb (Wz) 
b(PT +R), = (Wb) 


=Wb 





where b indicates the base year. In other words, 
b(PT +R)z X =(PT +R)y = (PT +R)y and 6(PT+R)z = 2(PT+R)b". 


Both the time-reversal and base-shift tests are satisfied. The factor reversal test, of course, does not 
apply. 
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tion of the P and T indexes is based on the PT constituent of the PT+ 
R index. So-called aggregative indexes of P and of T are first con- 
structed, using the nine-year averages of the “ pt’s,”’ “‘t’s,” and “‘p’s” 
as basic. The resulting preliminary indexes of P and T are then ad- 
justed to make PXT equal the PT constituent of the PT+R index.' 
The dependence of the P and T indexes upon the P7'+R# index and 
upon each other, both in determining the weights for the preliminary 
indexes and in making the corrections, raises an interesting theoretical 
question: It is clearly proper to speak of PT+R as an independent 
empirical quantity, but is it proper to speak of either P or T as inde- 
pendent? Are they not rather interdependent? 

One question which arises regarding the weights deserves a word of 
comment. Samples of “p’s” are more likely to be representative 
than samples of ‘‘t’s’’ because the effect of local conditions on prices is 
more likely to be evenly diffused over the country than the effect on 
output. Moreover, the dollar volume to which a given “p”’ and the 
corresponding ‘‘t’’ have reference may differ even where there is close 
correspondence in the definition of the sampled groups so that it is 
strictly proper to multiply the “p” by the “t.” In assigning dollar 
volume figures to this “‘pt’’ the inclusiveness of the “t’’ has been the 
primary consideration. And in general the chief basis of weighting 
in the PT+R index has been a compromise between the dollar volume 
included in the sample “pt” series and the dollar volume of the group 
which it represents. 

It may be interesting to compare some of the weights employed in 
the PT+R index with the corresponding weights in Snyder’s indexes 
of the general price level and the volume of trade. In Snyder’s trade 
index the weights apply to relatives to (seasonal x trend). In his 
price index they apply to relatives to 1913 as 100 per cent. The 
weights for the P7+R index refer to relatives to 1919-27 average as 
100 per cent. The principal items are given in Table I. 


1 According to Fisher, 





Pray / Pix and T:=/ mx 


1 





where the subscript 1 indicates the preliminary P and 7, and (PT) is the PT constituent of the (PT +R) 
index. Where the correction is small we may write P2=Pi+4 ( (PT)—P:T1) ) 1/7: for 





PT: “\ (PiT)°+5P171 ((PT) —PiT1) +4 —3) (PT) — PT). 


To the corrected P2 and corrected 72 so obtained, the series on rents and number of real estate transfers 
respectively were added. The nine year averages of P: and 72 had weights of 98 per cent and the extra 
series of 2 per cent. 
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Special Purpose Indexes for the Equation of Exchange 117 


TABLE I 
COMPARISON OF WEIGHTS APPLIED TO RELATIVES 
IN SNYDER’S INDEXES AND PT+R INDEX 




















| 
— PT+R Snyder's 
Sees) Gate relatives to price level 
<p his 1919-1927 relatives to 
- average 1913 
| 
New securities and corp. formed.................. 3 4.5 0 
de ee eee a ease cke ee emnew ee 1 13.0 10 
ee OE OE rr eee 0 1.8 0 
I a ad 4 19.3 10 
a aks wan cela acara a ire aaa kw sowie los <—t sS 3.4 5 
ea i lt wi aha de ed ward 1 0 0 
re rr rr re  . . cost neauiseveceetes 7 2.9 0 
a a 16 6.3 5 
ie ce CR RENTER Shs Ae eSRO ae NeeNS 4 5.8 15 
ee Gy GN CIEE TEs 6. o.oo cece nccevsecnecsees 2 2.0* 15 
re a aa ee a ie a Tela bl aa a anlar een g 6 7.8 30 
ere so wh Sake we ee ae 1.0 
ec aulaa canines bs aycnieawek ene emk ee 7 
Sh i Dd a rk uae ein lcie hele ewan eae 2.3 
SER RSIS SRR eet PEN SeR SEED IO 2.2 
ERE S Sny Oe ar ae nl a a ERES Per tee mete ke Remon 6.2 
i a eS a eS 20 23.2 
ESE RATES ST aE ayaa Rec a eee 5 7.8 25 
es Bed a acid eRe eae SATO 7 2.9 
oe a a dd aa bl areca aol eas i 5 4.3 10 
ERLE ERERRARESRSSS S ait See aera eSere cee eae 19 18.4 20 
I cis siacac acini ceeageroe-iguignenemassasunaes 56 56.6 55 











* Included only in P and T indexes, not in PT+R. 





It will be noticed that the disagreements between Snyder’s two in- 
dexes are quite as marked as those between either of them and PT'+R. 
In part this may be due to differences in information available on 
“‘n’s” and on “t’s”’ in the several groups. Also, the basis of stating the 
price level weights may be slightly misleading. But it is clear that 
important discrepancies remain. In general, Snyder has given little 
weight to financial items (other than debits), especially in his trade 
index. And he has given heavy weights to such stable items as public 
utilities in the trade index, and wages and rents in the price level, so 
that we should expect his indexes to be more stable than the special 
purpose index numbers. In Table II comparisons of yearly averages 
show what might be expected under these circumstances. 

When the indexes were constructed a final correction was applied 
to the MV, V, PT+R, and T indexes, so as to express them on the 
basis of volume or velocity per working day in each month. It is es- 
sential to make such a correction if time lags are to be investigated. 
Otherwise the synchronous correlation will contain a spurious element, 
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which will make it higher relatively to correlation with a lag either way 
than would be the case without the arbitrary fact that March has more 
working days than February. But what correction should be applied? 
Not only do different kinds of business work different numbers of days 
in the month, some every day; but also we have come, for certain pur- 
poses, to treat the arbitrarily differing months as if they were all equal. 
Dividend payments, salaries, most rentals, income taxes, and many 
other payments are made without regard to the number of days in 
the month. Perhaps an index number of working days should be con- 


TABLE II 


ANNUAL AVERAGES OF INDEXES OF ITEMS 
IN THE GOODS SIDE OF THE EQUATION OF EXCHANGE 











= + ———_—_—_—— 7 — — = 
1919 | 1920 | 1921 1922 | 1923 1924 1925 1926 | 1927 





100 103 7 88 96 97 115 119 134 














ae ¢ 
gett eananneeietic: | 100 108 78 88 99 100 119 123 135 
ea 100 111 90 85 89 89 93 93 96 
rte eas 100 98 89 107 114 115 132 134 143 
OO SECO 112 94 91 95 96 98 99 99 
Snyder’s T........... | 105 102 92 99 | 104 102 107 107 107 








structed to take account of all these facts. But wanting that, it is 
certainly better to divide the indexes by a figure for working days which 
treats Sundays and certain holidays as non-working. The following 
holidays are allowed for as one day: January 1, May 30, July 4, Labor 
Day, Thanksgiving, and Christmas. (When they fall on Sunday, 
January 1 and May 30 are counted as half days, the other holidays as 
whole days.) February 22, Good Friday, and Columbus Day are 
counted as half days. 

The finally resulting indexes and the constituent series with their 
weights are shown in the appendix. It will be the purpose of a subse- 
quent article to analyze some of the relations among these indexes. 
It is hoped that others may find them useful for still further studies 
of the equation, of exchange. 











al. 
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APPENDIX 


CONSTITUENT SERIES AND ANNUAL AND BIENNIAL CORRECTION 
DATA: P, T, AND PT+R 






119 











INDEXES 
PT+R P Z 
(1) Railroad business Ry. Op. Rev. Class I pt +t Monthly and annual 
R. R.s I. C. C. (% changes in rate level!) traffic indexes * 
2) P.O., Tel., and Tel.| Pub. Util. Rev.t Index Pub. Util. rate index tf pt+p 
Gas and elec. 
business 
(3) Construction Contracts—27 and 36| Eng. N. Rec. Index of pt+p 
states spliced at Jan. construction cost. 
1923—F. W. Dodge Yearly index 1/10 (6 
Corporation XB. L. &. Materials 
cost+4XB. L. 8. 
wage rate) 
4) Retail trade Writer's index Harvard| B. L. 8S. cost of living pt+p 
Bus. Rev., Jan., 1929 ex., rent, fuel and 
light interpolation on 
N. I. C. Bd. Indexes 
4 (clothing+2x 
food +misc. ) 
5) Manufacturing pXt—value of mfg.| B.L.S.WholesalePrice} Dept. of Commerce 


6) Raw materials 


7) Wholesale trade 


8) Factory payroll 


(9) Railroad payroll 


(10) N. Y. Stock Ex- 
change—stock 
sales 

(11) N. Y. Stock Ex- 
change—bond 
sales 


12) Mdse. exports 


13) Mdse. imports 


(14) Commodity futures 


(15) Fed. Govt 
disbursements 





Biennial Census 


p Xt—Annual esti- 
mates of value of 
agricultural and min- 
eral products based 
on Bur. of Ag. Ec 
and Bur. of Mines 
data 


F. R. Bd. Rev. Index 


F.R. Bd. Payroll Index 
XNo. of working 
days, BiennialCensus 


Class I R. R.s I. C. C. 
(1919 and 1920 esti- 


mated monthly fig- 
ures) 


pXt 


pXt 


Dept. of Commerce 


Dept. of Commerce 


Estimates based on tax 
receipts—Internal 
Rev. Bur. 


Ordinary and special 
disb. minus interest 
on public debt 





Indexes (2 Xcon- 
sumers’ goods +pro- 
ducers’ goods) 


F. R. Bd.—B. L. S. 
raw material price 
indexes 


B. L. 8. wholesale prices 


pt +t 


Av. hourly compensa- 
tion Class I R. R.s 
(1919 and 1920 
monthly estimates) 


Stock price index of 
Standard Stat. Corp 


N. Y. Times price index 


F. R. Bd. index and 
writer's index in 
1926-27 Dept. of 
Commerce annual 
index 


F. R. Bd. index and 
writer’s index in 
1926-27 Dept. of 
Commerce annual 
index 


Writer's index based on 
cotton, corn, wheat 
and oats spot prices 





grosuction index. 

‘homas yearly pro- 
duction index 

Dept. of Commerce 
index (mineral pro- 
duction and agricul- 
tural marketings) 


pt+p 


F. R. Bd. employment 
xX No. of working 
days, BiennialCensus 


pt+p 


No. of shares 
(Annalist) 


Par value of bonds 
sold—Dow Jones 


pt+p 


pt+p 


pt+p 
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APPENDIX—Continued 











PT+R 


p 





(16) New capital flota- 
tions 


(17) Federal Gov't 


receipts 


(18) Brokers’ loans paid 
off 


(19) Interest payments 


(20) Dividend payments 


(21) Life insurance pre- 
mium collections 


(22) Real estate rentals 


(23) Real estate sales 





| 
Index based on munic-| 
ipal bonds (Bond) 
Buyer); public debt 
transactions; foreign 
issues (Dept. of 
Comm.); and new cor- 
porate securities (J.| 
of C and C. and F.C. 
spliced at Jan. 1924)§ 





Ordinary receipts 





Through stock clearing 
corporation (trend 
corrected by loans! 
Soames. R. 

) | 





o 


of C.+Fed. Debt.) 
interest 


J. of C. 


Association Life Insur- 
ance Pres. 


| 
| 
| 
| 


B. L. S. Rent Inter- 
penton on N. I. C. 
d. shelter index 





Number of real estate 
transfers in 41 cities 








* Monthly index: ton-miles, weighted 4; carloadings, weighted 4; passenger-miles, weighted 2 


index substitutes tons of revenue freight for carloadings. 
t P. O. receipts at fifty cities, weighted 2; telephone revenues (12 companies reduced from 13 by con- 


solidation—Department of Commerce), weighted 2 


. Annual 


; telegraph and cable operating revenues (Western 


Union and Postal), weighted 1; gas and electric company gross earnings (95 companies and 78 companies 
spliced at 1927, 78 and 73 companies spliced at 1925, Department of Commerce), weighted 5; monthly 
figures in 1919 for first four series were estimated on seasonal indexes and annual data. 

B. L. S. gas prices (linear interpolation for monthly figures), weighted 2; annual telephone revenues 
per Bell station at end of year and electric revenues per kilowatt-hour (interpolated on a linear basis for 
monthly figures), weighted 2 and 3 respectively; postal rates and telegraph rates indexes made on the 
basis of announced percentage changes, weighted 2 and 1 respectively. 

§ Permanent municipal bonds and public debt receipts or disbursements (the larger of these two 


figures for each month was used) were each weighted 4. 


dollar volume basis. 


The other series each had a weight of 1 ona 
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WEIGHTS USED IN PT+R INDEX (1919=100%); RATIO OF ESTIMATED 1919 DOLLAR 
VOLUME OF EACH CONSTITUENT SERIES TO TOTAL FOR ALL SERIES IN THE 

INDEX IN PER CENT; AND RATIO OF ESTIMATED TOTAL 1919 DOLLAR 
VOLUME OF EACH CLASS OF TRANSACTION REPRESENTED 


TO TOTAL FOR ALL CLASSES REPRESENTED, 
PER CENT 








IN 


Dollar volume percentage ratios 














| PTSR | 
— Total of each Sample 
| | group represented series 
| | 
TEL EE EAR OTE DEA TO RO oe 3 2 4 
Pub. Util. rev....... Se ee iar eiee pone 2 2 | 1 
Constr. contracts....... od 3 2 | 2 
Retail trade........ Paw awaceos tae oe ; 16 14 3 
NC cnc thceiesecnaseae 20 22 16 
eas wks ohn Sw wa chee seh aa 6 6 12 
i ois cons dint dae Anse ae Sean 9 14 3 
RE ee Sti area a ao 5 5 2 
er Perrrrer ; 1 1 2 
Settlements for stock sales, N. Y. Exchange uP | 9 7 13 
Settlements for bond sales, N. Y. Exchange. va 2 1 2 
nn case nseenssibie tS ees 00:6 hae i 2.5 3 6 
Merchandise imports... .. . ee al 15 1 3 
Commodity futures. .............. 1 1 } 3 
SO IE. occ cccesesreseeeeses - 3 4 ~ 
Capital flotations............ hd Give cole outs ee ae 7 9 11 
Fed. Gov't receipts... .. ae ; 1 2 5 
Brokers’ loans paid off....... a 1 1* 1 
ae ag RE SI RS Spt ersa pene y en eS | 2 1 2 
nk ke rk Wa aa aa ak i te se eiaiee acted 2 1 1 
Life insurance premiums received and agents’ remit-| 
NG 6 abad cua V 6s SHAE ORDAREECA SUAS ee enedews 1 | ot 
100 100 | 100 





= 





paid off. The figure for the whole group woul 


t Less than one half of one per cent. 


SPECIAL PURPOSE INDEXES FOR THE EQUATION OF EXCHANGE, 


UNITED STATES, 1919-27 


(1919 Average= 100 %) 


INDEX oF P 



































* It is assumed that this is only twice the eae. wee ° not very representative of all brokers’ loans 
much larger. 


} 


























7 | ’ | . oe | Annual 
Year | Jan. | Feb. Mee.) Apr. | May | Sune July | Aug.| Sept. | Oct. | Nov. | Dec. | average 
i 96 95 94 96 97 99 | 102 | 104 102 103 105 108 100 
1920. . 111 110 | 111 118 | 115 | 115 | 116 | 112 111 107 103 98 lll 
a 96 95 93 92 91 88 88 87 87 87 86 85 90 
1922. . 84 84 83 82 83 83 86 85 85 87 87 88 85 
ae 88 89 90 90 89 88 88 87 89 89 89 89 89 
1924.1 | | s9| 89] 89] 88| 88| 87| 87| 88| 88] 89] 90] 91 89 
92 93 92 91 91 91 93 93 92 93 94 95 93 
95 94 92 92 92 93 93 93 93 92 92 93 93 
1927. | 93 94 94 94 95 95 93 96 98 98 98 101 96 
InpEx oF T PER WorKING Day 
«ee 83 89 97 98 | 102 | 101 99 106 115 116 110 100 
eo 99 | 102 | 106 | 104 98 92 90 92 98 100 103 97 98 
1921. 84 81 85 87 90 88 82 84 93 99 96 97 89 
1922. 87 91 100 | 112 | 109 111 100 | 100 112 120 120 118 107 
1033...... 105 | lll 115 | 118 | 118 | 116 | 104 103 115 118 119 124 114 
Rae 111 111 111 114 | 105 | 105 | 103 | 107 118 122 137 135 115 
1925......] 121 123 | 122 | 124; 129] 121 122 | 123 135 151 157 155 132 
1926 129 129 137 128 122 129 127 136 141 147 138 145 134 
ee : 139 
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INDEX OF PT PER WorKING Day 




























































































































1919... 80 80 84 92 95 | 100 | 102 | 103 107 117 121 118 100 
1920... 109 | 111 | 116 | 116 | 112 | 107 | 103 | 102 108 106 106 95 108 
1921.. 80 76 7 78 80 77 71 73 80 85 82 82 78 
1922. . 72 75 81 91 89 91 84 83 94 103 103 102 89 
ES nasa 91 97 | 102 | 104 103 | 100 89 88 100 103 104 108 99 
96 97 96 98 90 90 88 93 102 106 121 122 100 
ae 110 | 112 | 115 | 110 | 115 | 109 111 | 112 123 138 137 135 119 
1926......| 120 | 119 | 124 | 116 | 110 | 118 | 115 | 124 130 134 126 134 123 
1927 ..| 115 | 127 | 133 | 1384 | 134 | 130 | 123 | 131 146 148 143 154 135 
InpeEx oF PT+R per WorkinG Day 
1919... 91 | 85 86 91 97 | 103 | 102 98 111 111 111 116 | 100 
ll Fo | 106 | 104 | 114 112 | 103 | i107 98 94 104 101 100 96 | 103 
1921... 741 791 79| 79| 80] 71] 70 80 83 79 84) 7 
1922 72 74 84 90 85 93 82 7$ 91 100 97 104 | 88 
1923 97 92 99 | 101 99 99 87 82 96 98 98 106 96 
1924......] 95 93 96 96 87 89 86 88 100 103 113 121 97 
1925......| 108 | 108 | 115 | 107 | 109 | 107 | 107 | 104 119 131 131 134 115 
120 | 115 | 125 | 114 | 105 | 116 | 112 | 116 125 128 120 133 119 
1927... 117 | 124 | 137 | 133 | 130 | 132 | 119 | 125 143 146 141 157 134 
INDEX OF M 
seer | 96 96 96 96 98 98 99 | 101 103 105 107 108 100 
} 110 110 | 110 | 110 | 110 | 110 | 110} 110 110 110 110 107 | 110 
1921......| 104 | 103 | 102 | 100 | 100 | 100 98 97 96 97 97 96 | 99 
1922... ‘| 96 94 94 95 97 98 98 97 98 99 99 100 97 
= | 100 | 101 | 100 99 | 100 | 101 | 100 101 101 102 102 102 101 
1924... 102 | 102 | 102 | 102 | 104 | 106 | 107 | 108 110 112 113 114 | 107 
1925... } 114 | 114 | 113 | 112 | 112} 113 | 114] 114 116 117 118 118 | 114 
eee 117 117 | 116 | 116 117 | 117 | 117 | 117 117 118 118 118 117 
ae 119 | 118 | 120 | 120 | 121 | 121 | 121 | 121 122 124 124 126 121 









INDEX OF V PER WorKING Day 








90 
100 

































































































Revision of Forecasting Formulas 


ON THE ANNUAL REVISION OF FORECASTING 
FORMULAS BASED ON PARTIAL REGRESSION 
EQUATIONS 


By A. J. Pace, Rothamsted Experimental Station, Harpenden, Herts 


The fitting of regression lines to statistical data which have been 
obtained by experiment or other means more or less under control, has 
been widely applied, and has produced valuable results, but the method 
is much more restricted when applied to statistics relating to economic 
and social problems on account of the complexity and variety of the 
underlying causes at work. Cases, however, do arise where the main 
factors are few and easily distinguishable, thereby enabling exact 
mathematical procedure to be followed with some degree of success. 
It has been found possible, for example, to work out prediction for- 
mulas for the preparation of official crop forecasts, though a difficulty 
often arises owing to the comparative shortness of the time series 
available as a basis of the calculations, which may be due not to the 
absence of figures for earlier years, but to changes in conditions during 
the course of time which would render the material of a long series 
obviously heterogeneous. When all such causes and conditions have 
reached a fairly stable state of equilibrium amongst themselves, the 
addition of each successive year’s data, as time goes on, lengthens the 
series available, and enables the dependent variate to be determined 
with greater precision. 

The procedure to be followed is simple and does not involve the use of 
correlation coefficients. It may be studied in full in such a work as 
R. A. Fisher’s Statistical Methods for Research Workers. The arith- 
metical work involved may, however, be laborious, and the object of 
the present note is to show how, when once the necessary equations 
have been obtained from the data available for any given period of 
years, these equations may easily be brought up to date by the in- 
corporation of the figures for a new year, without having to recalculate 
ab initio all the numerical coefficients involved. 

If the expected value of a dependent variate Y is expressed in terms 


of a number of independent variates 2, 2, %3, . . . . . . -,2,in the 
form of a partial regression equation 

Y =}b,2,;+- beret cn & why +b, Lr (1) 
the partial regression coefficients b;, bs, . . . . .,6,are obtained from 


the simultaneous equations 





American Statistical Association 


bid(xz*1) +b22(a1%e)+ . . . . +b,2(21 2,) == (x, y) 
bid (21 Le) + bet (2x72) aa +b,2 (x2 Z,) = 2(22 y) 
(2) 
biZ (x1 L-)+bet(a2 2%) + . . . . + 0,2(x*,) =Z(z, y) 
where y, 21, %2, . . . . , 2, are all measured from their respective 


means. If they were not so measured and, instead, the crude values 
used, there would be no great trouble or labor involved in bringing the 
above equations (2) up to date by the addition of a new term to each of 
the series which forms the numerical coefficients of the b’s. However, 
since all the means become altered, every one of the terms in the differ- 
ent series is affected. 

Suppose the equations (2) to be based on figures for ¢ years, and that 
the inclusion of the (¢+1)* year increases the mean from which z, 
is to be measured by d;. The new value of the variate evidently ex- 
ceeds the old mean by (¢+1)d, and the new mean by ¢éd;. The sum of 
the squares of the deviations for the first ¢ years from a value differing 
by d, from their mean is evidently increased by 


td?, 
while the new square is (d?,, making a total increase in the coefficient 
of b, in the first equation of 


t(t+1)d?). 
Moreover, if the absolute values of the variate for the t+1 years are 
represented by 211, Yi, - - - - Cred 
» itl ix! 
di\=——_ ) 2 x 
dere 
or 
1 ~~ 
dy = ————¢ 2 1241— 7 Ziel ; 
reat wade 2 


d, is defined by the equation and the adjustment of the coefficient 
due to the inclusion of the new year’s data consists in merely in- 


creasing it by 
t 9 
1 |? 
——_——-<f _ > Zu ?* (3 
i(t 7 V1 t+1 ~ (3) 


p=1 


Similarly, the sum of the products of the deviations from the mean of 
the variates xz, and 22 will receive an adjustment 


in jews Deo juss Drom (4) 


p=1 p=1 
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The system of equations (2) may then be brought up to date merely 
by calculating for each variate the difference between ¢ times its new 
value and the sum of the previous values, and adjusting the coefficients 
by the addition of the terms given by (3) and (4). 

As a practical example of the method, figures used for the official 
forecasts of the exportable surplus of rice from the province of Burma 
may be cited. The full set of equations for the whole province are too 
elaborate to be quoted here, as no fewer than six b’s in six simultaneous 
equations are involved, but the subsidiary equations from the port of 
Akyab which deal exclusively with the produce of the rice lands in the 
Arakan division of the same province may be quoted as they involve 
only two parameters. For the years 1902 to 1926, omitting the years 
1915 to 1920 which were affected by war conditions, the exportable 
surplus is given by the equation 


Y = —27.390+ .2572+ .0292’ 


where Y is the difference in hundreds of tons between the exports of any 
year and those of the preceding year, z is the difference between the 
area harvested in hundreds of acres multiplied by the condition figure 
of the crop for the same year, and the corresponding product of the 
preceding year, whilst z! is the similar difference between the similar 
products for the preceding and second preceding year. In other 
words, and expressed algebraically, if ai, a2, a3 are the areas harvested 
in three consecutive years and ¢, C2, c; the corresponding condition 
figures of the crops 


X=A3 C3— Az C2, x’ =z C2— a; C4. 
Now the coefficients .257 and .029 were obtained as the approximate 
solutions of the equations 


19,295,470b; —11,971,249b.= 4,608,535 
— 11,971,2496, + 33,387,878b. = — 2,096,725 


where the coefficients are the sums of squares, or products, for 17 years. 

The figures for the succeeding year 1926-27 were x= —219, 2’= 
—354 and y= —280; ¢ is 17, t+1 is 18 and the crude totals (2), =(z’) 
and =(y) for 17 years were 6,368, 1,702, and 1,285 respectively. For 
the three variates z, x’ and y we have therefore 


17 X (— 219) —6,368 = — 10,091 


17 X (—354) —1,702= — 7,720 
17 X (— 280) —1,285= — 6,045 
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of which the squares and products divided by 17 X 18(=306) gives the 
adjustments to the coefficients: 



















332,772 254,583 199,347 
254,583 194,766 152,508 


and on adding these to the coefficients of the old equations we arrive at 
the following new equations 


19,628,242b;—11,716,666b.= 4,807,882 
— 11,716,666b; ++33,582,644b. = — 1,944,217, 


giving a new regression equation 
Y = —37.551+ .26627+ .0352’. 


The benefit of this simple labor-saving formula is not, however, seen in 
its fullest extent in the example given since considerations of space pre- 
vented heavier work being displayed. 

A further advantage of the method is that in some cases, as in the one 
given above, where the z’s are known early in the year but the y’s are 
not known until the year has closed, the equations can be revised, as far 
as all the coefficients on the left-hand sides of the equations are con- 
cerned, and kept in readiness for the insertion at the earliest possible 
moment of the corrections to the =(xy) items, when the new solutions 
for the b parameters can quickly be found. Indeed, using the left-hand 
sides of the equations only, a matrix of multipliers may be prepared, 
which, with the new values for the right-hand sides, will supply the new 
solutions by direct multiplication and addition, thus anticipating 
nearly all the labor, not only of preparing, but of solving the equations. 
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A NEW INDEX OF THE PHYSICAL VOLUME OF 
CANADIAN BUSINESS! 


By F. GarpINER Perry, Babson Statistical Organization, anD A. G. SILVERMAN, 
Massachusetts Institute of Technology 


The calculation of the index numbers presented below, first projected 
several years ago, was started in the summer of 1927. In order to 
furnish a physical volume basis for the study of the interrelations of 
Canadian industries and major groups and for comparison with business 
fluctuations in the United States, it was desired to cover on a monthly 
basis as long a period as possible. This gave rise to numerous problems 
in method as well as in the collection and choice of series. The selec- 
tion of weights for the subjects in a rapidly developing economic situa- 
tion such as that in Canada at the outset forced the view, not often 
enough explicitly recognized, that the making of index numbers, for 
even binary comparisons, is at best an attempt to do as logically as 
possible the illogical. A compromise formula was the result. It was 
also early concluded that for many series adjustment for seasonal varia- 
tion determined on a constant basis is not only inadequate but some- 
times worse than no adjustment at all. Moving seasonal indexes were 
used to adjust practically all series. It is hoped that the calculation of 
the indexes presented below will help to accumulate evidence for the use 
of moving measures to characterize the changing central tendencies of 
economic variables. 

One of the chief obstacles to the early completion of the index num- 
bers was the lack of monthly series for important subjects, particularly 
for mineral production. In addition, series already available for more 
recent years had to be carried back. It was finally possible, with the 
aid of official agencies and private corporations, to calculate the in- 
dexes monthly from 1915 to date, and annually back to 1905. 

Business activity has been divided into four main groups: (1) mineral 
production; (2) manufactures; (3) distribution; and (4) agricultural 
production as it comes into commercial channels through agricultural 
marketings. The manufactures index includes series representing 
major industrial groups which for the base period 1922-1925 account 
for $1,066,000,000, or 83 per cent of the total “value added”’ by all man- 
ufactures of $1,281,000,000. The mineral production group is repre- 
sented by series which in the base period take in $147,911,000, or 71 per 


‘Mr. R. H. Coats, Dominion Statistician, and his associates have given us invaluable aid in the 
compilation of data and in matters of fact pertaining to Canadian industry. 
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cent of a total value of $208,636,000. Distribution is at present repre- 
sented by transportation alone. It is hoped eventually to include also 
series more directly representative of wholesale and retail trade; but at 
present no series such as are available for the United States exist. 
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In the composite curve presented in Chart II, the three more nearly 
homogeneous groups, mineral production, manufacturing, and distri- 
bution, are combined. The index of agricultural marketings is pre- 
sented above for purposes of comparison. All of the series have been 
adjusted for seasonal variation; and because of its violent fluctuations a 
three-months moving average of the index of agricultural marketings 
has been taken. 

The great dependence of Canada upon agricultural production is 
recognized, but the combination of agricultural series with other pro- 
duction data presents theoretical difficulties. Agricultural production, 
and even agricultural marketings, are not connected with business 
activity in a simple way. Cyclical variations in physical volume of 
manufactures (especially when basic series are used), mining, and trans- 
portation are generally correlated with increased prices and profits. 
In agriculture, however, increased production and marketings are often 
accompanied by falling prices, which may be sufficient to offset greater 
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production. Thus, farm income may actually decrease with greater 
physical volume of farm products. The physical volume of manufac- 
tures and mining is relatively quick to adjust itself to changing de- 
mand; in short, the volume follows the change. On the other hand, 
greater dependence on natural causes (weather, pests, etc.), the pres- 
ence of innumerable small producers acting independently, and a 
relatively inelastic demand for many agricultural products retard 
economic adjustment. Empirical verification of this is afforded by the 
extreme variability of the index of agricultural marketings as com- 
pared with the other three groups. From a theoretic standpoint, 
therefore, the inclusion of physical volume series of agricultural pro- 
duction disturbs the economic homogeneity of a general purpose index, 
such as the Canadian Babsonchart (Chart II). 
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Production series have been used wherever possible, but for some 
important industries such data are not available over the entire period 
or for all branches of the industry. This requires the use, in part, of 
export or import series of basic materials to represent these industries. 
In the case of flour, newsprint, rubber manufactures, and sugar, the 
production series are available for a part of the period. A comparison 
of such data with imports or exports for overlapping periods has in 
every case shown marked parallelism. Hence, the change from one 
series to the other is made by simple substitution of one series for an- 
other with an appropriate change in the weighting factors. In the case 
of lumber and woodpulp exports, no data for comparison of production 
and imports or exports were available; while in certain other instances 
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such as imports of petroleum and raw cotton there is little or no do- 
mestic production. 

No attempt has been made to represent production, as is sometimes 
done, by storage data, as for example in the case of milk, butter, eggs, 
cheese. There is little reason in theory for expecting a close similarity 
of movement between production and storage figures, and this is borne 
out by the comparisons that have been made. Export series, in every 
instance studied, more nearly reflect production movement, although in 
some cases with a decided lag. Employment series, though less sensi- 
tive than production data, show a very close relationship to the latter in 
both cyclical and seasonal movements. Such a series of employment 
is used for part of the period to get monthly variations for butter and 
cheese production, available on an annual basis. 

Originally it was intended to carry the monthly index back to 1905. 
However, as quantity data in most cases were available on a monthly 
basis only for the past five or six years, it was decided to carry the 
monthly index back only to 1914, for the present study at least, and to 
use annual data from 1905 through 1914. (For the annual index, see 
Chart VII on page 138.) To do this it was necessary to obtain through 
arrangement with individual companies, the Dominion Bureau of 
Statistics, or departments of the various provinces, the following 
monthly series, hitherto unavailable: 


Coal production for 1915 and 1916 

Gold production 1915 to date 

Copper production 1915 to date 

Lead production 1915-1920 

Animal sales 1909-1913 

Zine production 1915 to date 

Iron and steel production for 1915 and 1916 and an import index of basic iron 
and steel products from 1915 to date 

Automobile production from 1915 through 1921! 

Transportation from 1915 through 1920 

Tobacco goods entered for consumption 


Some of these series, adjusted for seasonal variation, are presented in 
Charts III and IV. A more detailed consideration of the basic iron 
and steel imports index, of building, and of the series included in the 
mineral production group is necessary, since they involve questions 
of facts and of method. 

It was early concluded that to represent production in the iron and 
steel industry by use of pig iron production and steel ingots and 
castings output, as is done in most production indexes for the United 


1 Monthly data published in Survey of Current Business, United States Department of Commerce. 
April, 1928, p. 18. 
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States and Canada, would be inadequate. Large imports of basic iron 
and steel products, which at later stages are worked into more finished 
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domestic products, make some account of imports indispensable for 
Canada. In 1924, for example, the value of these imports amounted 
to $49,038,000, or 146 per cent of the total selling value of domestic 
production “‘of pig iron and ferro alloys, steel and rolled products.”’ 
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plates, tin plates, iron and steel sheets, and three series of rolled iron and steel hoops, bands, etc. 


In the combination of the ten series included in this index (shown 
above), the same formula and base were used as in the total index 
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in order to keep the final result logically consistent. The movements 
of this index frequently differ substantially from, and are sometimes 
directly opposed to, pig iron and steel ingot and casting production. 
For example, in the latter half of 1921 and during the early part of 
1928, combined production and imports give a much more accurate 
picture of total activity in this important industry. 

To represent the building industry, an index of the physical volume 
of building at time of actual construction is required. The value of 
new contracts awarded, as stated in MacLean Building Reports, not 
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only is expressed in dollars but anticipates actual construction activity. 
Since there is no satisfactory series of the physical volume of building, 
this value series was first deflated by an index of building costs, a 
combination of an index of building material prices with one of building 
wages.! Contracts awarded, in physical terms, were spread over the 
probable construction time by use of an average length of contract 
activity of ten months. This period was selected after a study of 
printed sources and correspondence with the industry. A ten-months 
moving average of the deflated data, centered at the terminal point, 
is the series finally included in the index. (See Chart V.) 

The use of a series so indirectly derived is admittedly open to ques- 
tion. Deflation probably impairs the homogeneity of the index, and 


1A monthly price index of building materials from 1919 to date is published by the Dominion Bureau 
of Statistics. This was calculated back to 1913 from the individual series kindly furnished by the 
Bureau. The building materials prices index was combined with an index of building wages. Since 
this latter series is on an annual basis, somewhat arbitrary assumptions as to its variations within the 
year had to be made. The relative importance of the price and wages series, obtained from an official 
study for proportions in 1924, was adjusted for changes in building material prices and wages respec- 
tively. The relative weights were deflated by annual price changes in building materials and in labor 
respectively. (Cf. United States Bureau of Labor Statistics, Monthly Labor Review, July, 1925, p. 174.) 



































































25] A New Index of the Physical Volume of Canadian Business 133 


the use of ten months as the average period required to complete a 
contract is approximate. Yet building activity is too important to 
leave out of account, particularly for Canada, where its influence at 
the present time is great. 

The calculation of the mineral production index offered special 
difficulties. With the exception of the Dominion Bureau of Statistics 
series of coal production since 1917 and the American Bureau of 
Metal Statistics silver and lead series, reported only for the last seven 
or eight years, monthly data covering substantially all of Canadian 
production were not available. With the codperation of the most 
important producing companies and of various Canadian officials, 
such series, from 1915 to date, for coal, gold, nickel, silver, copper, 
lead, and zine were finally compiled. It is believed that they are 
fairly representative of total Canadian production of these minerals. 

Coal.—Important companies contributed monthly production data 
for 1915 and 1916. The totals compiled from these individual reports, 
representing 62 per cent and 70 per cent respectively for the two years, 
were raised to equal 100 per cent of Canadian annual production, as 
reported in official sources. 

Gold.—Practically 100 per cent of the official Canadian annual 
production is given by the addition of monthly receipts of gold from 
Canadian mines at the Royal Mint, Ottawa, and at the Vancouver 
Assay Office, combined with monthly exports of gold obtained as a 
direct result of mining operations. 

Nickel.—Ontario produces more than 99 per cent of Canadian nickel. 
Quarterly production figures of nickel-copper matte since 1910 with 
annual percentages of nickel content were furnished by the Ontario 
Department of Mines. A monthly series was arbitrarily obtained, as 
originally suggested by men in the industry, by dividing each quarterly 
figure for nickel in matte by 3. A study of the quarterly data reveals 
sufficient uniformity to justify this derivation. 

Silver.— Monthly exports were used prior to 1921, when the Amer- 
ican Bureau of Metal Statistics series begins. A comparison for the 
period since 1921 show that exports and production are nearly parallel. 

Copper.—Since 1921 this series is a combination of the smelter 
output reported by the American Bureau of Metal Statistics and the 
copper content of copper exports in ore, matte, and regulus. Prior 
to 1921, producing and smelting companies privately reported monthly 
data for from 88 per cent to practically 100 per cent of the total 
Canadian output. 

Zinc.—This series is obtained by adding together slab zine produc- 
tion and monthly exports of the zinc content of ores. From 1915 to 
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in order to keep the final result logically consistent. The movements 
of this index frequently differ substantially from, and are sometimes 
directly opposed to, pig iron and steel ingot and casting production. 
For example, in the latter half of 1921 and during the early part of 
1928, combined production and imports give a much more accurate 
picture of total activity in this important industry. 

To represent the building industry, an index of the physical volume 
of building at time of actual construction is required. The value of 
new contracts awarded, as stated in MacLean Building Reports, not 
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only is expressed in dollars but anticipates actual construction activity. 
Since there is no satisfactory series of the physical volume of building, 
this value series was first deflated by an index of building costs, a 
combination of an index of building material prices with one of building 
wages.! Contracts awarded, in physical terms, were spread over the 
probable construction time by use of an average length of contract 
activity of ten months. This period was selected after a study of 
printed sources and correspondence with the industry. A ten-months 
moving average of the deflated data, centered at the terminal point, 
is the series finally included in the index. (See Chart V.) 

The use of a series so indirectly derived is admittedly open to ques- 
tion. Deflation probably impairs the homogeneity of the index, and 


1 A monthly price index of building materials from 1919 to date is published by the Dominion Bureau 
of Statistics. This was calculated back to 1913 from the individual series kindly furnished by the 
Bureau. The building materials prices index was combined with an index of building wages. Since 
this latter series is on an annual basis, somewhat arbitrary assumptions as to its variations within the 
year had to be made. The relative importance of the price and wages series, obtained from an official 
study for proportions in 1924, was adjusted for changes in building material prices and wages respec- 
tively. The relative weights were deflated by annual price changes in building materials and in labor 
respectively. (Cf. United States Bureau of Labor Statistics, Monthly Labor Review, July, 1925, p. 174.) 
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the use of ten months as the average period required to complete a 
contract is approximate. Yet building activity is too important to 
leave out of account, particularly for Canada, where its influence at 
the present time is great. 

The calculation of the mineral production index offered special 
difficulties. With the exception of the Dominion Bureau of Statistics 
series of coal production since 1917 and the American Bureau of 
Metal Statistics silver and lead series, reported only for the last seven 
or eight years, monthly data covering substantially all of Canadian 
production were not available. With the codperation of the most 
important producing companies and of various Canadian officials, 
such series, from 1915 to date, for coal, gold, nickel, silver, copper, 
lead, and zine were finally compiled. It is believed that they are 
fairly representative of total Canadian production of these minerals. 

Coal.—Important companies contributed monthly production data 
for 1915 and 1916. The totals compiled from these individual reports, 
representing 62 per cent and 70 per cent respectively for the two years, 
were raised to equal 100 per cent of Canadian annual production, as 
reported in official sources. 

Gold.—Practically 100 per cent of the official Canadian annual 
production is given by the addition of monthly receipts of gold from 
Canadian mines at the Royal Mint, Ottawa, and at the Vancouver 
Assay Office, combined with monthly exports of gold obtained as a 
direct result of mining operations. 

Nickel.—Ontario produces more than 99 per cent of Canadian nickel. 
Quarterly production figures of nickel-copper matte since 1910 with 
annual: percentages of nickel content were furnished by the Ontario 
Department of Mines. A monthly series was arbitrarily obtained, as 
originally suggested by men in the industry, by dividing each quarterly 
figure for nickel in matte by 3. A study of the quarterly data reveals 
sufficient uniformity to justify this derivation. 

Silver.—Monthly exports were used prior to 1921, when the Amer- 
ican Bureau of Metal Statistics series begins. A comparison for the 
period since 1921 show that exports and production are nearly parallel. 

Copper.—Since 1921 this series is a combination of the smelter 
output reported by the American Bureau of Metal Statistics and the 
copper content of copper exports in ore, matte, and regulus. Prior 
to 1921, producing and smelting companies privately reported monthly 
data for from 88 per cent to practically 100 per cent of the total 
Canadian output. 

Zinc.—This series is obtained by adding together slab zine produc- 
tion and monthly exports of the zine content of ores. From 1915 to 
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1922, confidential reports of monthly slab zinc output for virtually 
100 per cent of Canadian production takes the place of the American 
Bureau of Metal Statistics series used currently. 

Lead.—For monthly production of lead prior to 1921, when the series 
of the American Bureau of Metal Statistics becomes available, monthly 
refined lead output, from 76 per cent to 100 per cent of total Canadian 
production, has been furnished by the principal producer. To this has 
been added monthly exports of lead in ore, as in the case of the Amer- 
ican Bureau of Metal Statistics series. Refined rather than smelting 
output has been used, because of substantial duplication in the latter 
data. 

It is difficult to be entirely consistent in the exact stage at which 
production of the different minerals is measured. Within the limi- 
tations of data reported and the technical processes involved, the 
endeavor has been to measure it as near to the smelter process as 
possible, for at this stage the metal content is first known with con- 
siderable accuracy. Exports of the precious metals probably lag very 
little behind actual smelting (or refining) production, and their com- 
bination with production figures presents little difficulty. The other 
export series, copper excepted, form a relatively small proportion of 
total output; and any lag of exports behind smelter output has little 
effect. In the case of copper, the percentage of exports to total pro- 
duction is in certain years as much as 50 per cent. It has been neces- 
sary to take a three-months moving average of the export series to 
smooth out obviously erratic changes due more to the timing of ship- 
ments than to variations in smelter production. 

In the adjustment for seasonal variation a comparison, for nearly 
all of the subjects included, of the individual series adjusted by an 
index determined on a changing basis with the same series adjusted by 
use of a constant seasonal index leads to the conclusion that for many 
series, probably for most, the use of a constant seasonal index is inade- 
quate. In fact, when the latter method is used, the adjusted series 
over a portion of the period often shows a seasonal movement the 
inverse of that in the original data. The calculation for a single series 
of separate constant seasonal indexes for different periods sometimes 
gives better results. However, the periods of relative homogeneity 
frequently are too short, and for many series the seasonal effects vary 
gradually, not abruptly. 

In view of these considerations, adjustment of most of the series 
is made by a changing seasonal index. The method employed is 4 
modification of the methods developed by the United States Federal 
Reserve Board, Professor L. W. Hall, and others. After considerable 
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experimentation, a seven-period moving median (arithmetic mean of 
the middle three items) for each month of the year, of ratios of actuals 
to a twelve-months moving average is used, both moving means cen- 
tered at the midpoints of their respective periods. For the extreme 
years, the curve of this seven-period moving median was extended on 
the basis of the general trend of the adjacent years. 


CHART VI* 
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*A 5-period moving arithmetic mean, a 6-period moving median (arithmetic mean of middle 2 
ratios), and a 7-period moving median (arithmetic mean of middle 3 ratios) were used in obtaining the 
upper, middle, and lower curves respectively from the ratios of actual data to corresponding ordinates 
on the 12-months moving average of actuals. The lower seasonal index is used to adjust crude pe- 
troleum imports. 


The seven-period changing seasonal index gives a smoother seasonal 
index than either a five-period or a six-period moving median, and 
requires less extension backwards and forwards on the basis of judg- 
ment than a nine-period moving median. The use of a median 
eliminates the influence of extreme items and the arbitrariness involved 
in the smoothing of a curve. Hence it is preferred to the Federal 
Reserve Board’s five-period moving arithmetic average; for this when 
not smoothed allows extreme variations in the original series to 
influence the moving seasonal index for five years, and when smoothed 
introduces too much of judgment. 

Professor Hall, starting with what appears to be the altogether 
too flexible definition of seasonal variation as ‘‘any change in the 
data which tends to repeat itself within the period of two years,” 
calculates a three-period moving average, placed at the end of the. 
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period. The result is often an extremely irregular seasonal index, 
which measures much more than seasonal changes as ordinarily 
conceived and defined. To be sure, his adjustments give much 
smoother results, but only by avoiding difficulties, not by solving them. 

The use of a changing seasonal index leaves other problems of sea- 
sonal measurement still unsolved. Averages, because of extremely 
variable intensity of seasonal causes and effects, are not always signif- 
icant. In fact, sometimes it may be best to leave series unadjusted, 
especially where seasonal variation is greatly obscured by residual 
fluctuations, as in the case of many export and import series. A be- 
lated or an early season or a ‘‘normal”’ growth concentrated in seasonal 
months, where such variation is extreme, also introduces difficulties yet 
to be solved. Reducing monthly series to daily average production 
for the month before adjusting for seasonal changes was not considered 
feasible, since the information available for most industries was frag- 
mentary and in some instances contradictory. 

The “ideal” (Fisher No. 353) formula employed for the United States 
Babsonchart was considered less suitable for the Canadian study. 
Apart from the question of its use for more than binary comparisons, 
ideally the “ideal”’ formula requires for its most logical and uncom- 
plicated use the fulfilment of the following three conditions: (1) per- 
fect comparability (logical or economic) as between the individual series 
to be combined; (2) practical exhaustiveness without duplication in sub- 
jects included; (3) a system of weights variable on a purely automatic 
basis, which is virtually impossible without the satisfaction of the first 
two conditions. Given these conditions, not often, if ever, fully satis- 
fied, the calculation by this formula is straightforward. Lacking these 
requisites, difficulties arise and compromises must be made. 

The use in certain cases of export or import series for all or part of the 
period to represent production, the combination of some imperfectly 
comparable series, and the decision to use “‘value added per unit of 
production”’ as a basis for weighting makes necessary the introduction 
of fixed weights to a much greater extent than in the case of the United 
States Babsonchart, thus vitiating one of the fundamental benefits of 
No. 353. Since actual and variable prices are used as weights in No. 
353, the constant for any subject is needed not only to give series the 
weight of the industry but also, where a “ value added” basis is adopted, 
to reduce these actual prices to that basis. Furthermore, the constant 
determined for each subject from a comparison of Census data and the 
product of actual price and quantity in the fixed weighting base period, 
must be applied to all four factors (P.Q:, P.Q., P:Qi, P:Q.) of the 
“‘ideal”’ formula if the factor reversal test is to remain satisfied. Since 
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fixed judgments over relatively long periods cannot be avoided, regard- 
less of formula used, it seems best in the case of Canada, where the 
three conditions stated in the paragraph above are not nearly satisfied, 
to choose a formula which does not introduce additional assumptions 
and factors and in which there is greater flexibility in the introduction of 
constants. =P =P.Q: 

The basic formula used is the aggregative, ———— SPQ,’ employed by the 


United States Bureau of Labor, the Federal Reserve Board, Professor 
Fisher, and others. Its general flexibility and its economic logic adapt 
it for the calculation of general purpose index numbers. It is free from 
the statistical bias inherent in averages of relatives, is easy to compre- 
hend, simple to calculate, and makes possible a shift of base by simple 
division. The weights are fixed nominal prices, the “value added 
(total value in the case of mineral production and agricultural market- 
ings) per unit of production,”’ as in the case of the new Federal Reserve 
index of mineral and industrial production. Such nominal prices 
have not remained the same over the entire period, since actual prices, 
“value added” by different industries, and the representative character 
of series have changed. For Canada the rapid industrial development 
in recent years has involved marked shifts in the relative importance of 
industries. It is not safe to assume that the same set of constant 
weights can be used for the entire period without seriously affecting 
possible comparisons. 

In his recent valuable article on the ‘‘Construction of Index Num- 
bers,’’ Professor Persons states that “‘we may be obliged to compute our 
index number for separate intervals and splice the index numbers in 
some fashion to get a continuous series.”’' If the separate intervals are 
too short and change of weighting constants frequent, it becomes more 
difficult to defend the use of the aggregative as against the “ideal.” 
There also arises the question of how to splice without destroying the 
homogeneity and continuity of index numbers over a long period. 

The effect of changing the weighting bases for earlier periods was in- 
vestigated, first by calculation of annual index numbers and later for 
the monthly data. The 1910, 1915, and 1919 nominal prices, derived 
from Census reports, were used for the periods 1909-1912, 1913-1917, 
and 1918-1921 respectively. In the first two cases the index numbers 
so calculated are lower by nearly constant per cents than the cor- 
responding index numbers on the 1922-1925 weighting base. Gottfried 
Haberler * has come to the conclusion that for binary comparisons the 

“The Effect of Correlation Between Weights and Relatives in the Construction of Index Num- 


bers,” Review of Economic Statistics, May, 1928, p. 100. 
*“A New Index Number and Its Meaning,”’ Quarterly Journal of Economics, May, 1928, p. 438. 
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two terms of the ‘‘ideal’’ formula give the upper and lower limits, thus 
justifying an average of the two. By an extension of this reasoning, 
the geometric average of the results obtained on the two different 
weighting bases for each year and month for the above periods was 
therefore taken. This really gives a modified form of the “ideal” 
formula, as is pointed out by Woodlief Thomas in the September, 1927, 
issue of this JouRNAL; or, it may be added, a modified form of the 
aggregative. Probably this is about as near the truth as we can get and 
yet make more than binary comparisons possible. Furthermore, this 


CHART VII* 


* The comparison base is 1922-1925 in every case, the weighting bases only varying. 


compromise offers a basis for splicing without too much destroying the 
homogeneity of the index numbers. It is interesting to note that this 
compromise formula was adopted independently by the authors and by 
Woodlief Thomas. 

The period 1922-1925 was chosen as the base for comparison. A 
post-war period for this purpose seems necessary in a growing country 
where the former levels of production are being permanently left 
behind. This same period was chosen as the weighting base which re- 
mains fixed throughout, as it is the latest period for which “value 
added”’ data for manufactures were available. A broader base was not 
chosen because of the abnormal conditions in 1921. Finally, a recent 
base period for weighting is desirable to minimize error in the more 
recent index numbers. However, in time it will again be necessary to 
take the geometric mean of two indexes—one with the 1922-1925 
weightings and the other with the weightings of a later year. 

The problem of fitting secular trends to show the “growth factor” 
and the “‘normal”’ for cyclical and residual movements, almost never 
an easy one, is all the more perplexing for Canada where in the last few 
years there has occurred a dynamic growth on a relatively small base. 
The World War, by introducing disturbing forces, further complicates 
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the problem. Unlike the United States, where these forces raised the 
level of physical production without very much changing the rate of 
growth, the war seems to have retarded Canadian business activity—at 
least in the light of the levels attained in 1911-1913 and in the last few 
years. 

Straight line trends (more complex trends are hardly justified where 
so few years are available and the situation so non-homogeneous) were 
fitted to the following periods, among others: 1905-1927; 1915-1928; 
1909-1916, 1916-1922, 1920-1927 (see Chart II). A seven-year anda 
five-year moving average were also calculated as trend lines. The use 
of the moving average would seem to be in line with the definite ten- 
dency to develop moving measures to characterize the changing central 
tendencies of economic series, as shown by the recently developed sea- 
sonal indexes and correlation coefficients calculated on this basis. 

Each of these trend lines has some empirical and economic justifica- 
tion; but they give quite different results for the interpretation of 
current and future business activity. Canadians are prone to claim 
that the steepest trends are best adapted to the data in the light of 
probable developments, but it seems difficult to believe that such rates 
of growth can long continue. 
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THE USE OF ISORROPIC LINES IN DETERMINING 
REGRESSION SURFACES 


ILLUSTRATED BY A STUDY OF THE RELATIONSHIP OF MAINE PoTATo 
YIteELDs TO EARLY AND LATE RAINFALL 


By Freperick V. Wavuau, United States Bureau of Agricultural Economics 


An isorropic line in a diagram is defined as the locus of all points for 
which a specified function has a constant value. In Charts I and II 
regression surfaces are described by such isorropic lines; that is, the 
lines numbered 300; 290; etc., locate on the regression surfaces constant 
values of X, as determined by Xi=a+bi3X2+bi32X3 and by 
X,=f(X; Xz). Isorropic lines are useful not only in presenting the re- 
sults of three-dimensional correlation, but also in the determination 
of the regression surface. The use of these lines is a modification of 
the method of analysis described by Dr. Ezekiel in this JouRNAL.' 
The following discussion of the joint relation of Maine potato yields to 
early and late rainfall will illustrate the method used. 

Recent studies of New England potato yields have demonstrated 
two important facts. The first is that farmers’ estimates of the con- 
dition of the potato crop on July 1 and on August 1 give little, if any, 
indication of probable yields. The second is that rainfall has been so 
closely related to potato yields in the New England states that most of 
the year-to-year variation in yields during the past fifteen years can be 
attributed to this factor and to a gradual upward trend in yields. 

The reason farmers are unable to estimate the potato crop accurately 

early in the season is perhaps evident. They must judge the prospects 
on the appearance of the vines rather than on tuber development. 
Heavy rainfall produces good vine growth but low yields. The result 
is a minus correlation between August 1 reported condition and final 
yield in Maine. On the other hand, by August 1 the yield of potatoes 
in Maine appears to be determined within fairly close limits by weather 
conditions prior to that date. The coefficients of correlation between 
Maine potato yields and the two factors of rainfall and trend for the 
years 1913 to 1927 are: using rainfall from May 1 to June 30, 0.774; 
using rainfall from May 1 to July 31, 0.903; using rainfall from May 1 
to August 31, 0.903; and using rainfall from May 1 to September 30, 
0.906.? 


1M. J. B. Ezekiel, ‘The Determination of Curvilinear Regression Surfaces in the Presence of Other 
Variables,” this Journat, Vol. XXI, September, 1926, p. 310. 

? The rainfall series used in this study is a weighted average of reports from five stations distributed 
among the potato producing sections of the state. In calculating the above correlation coefficients, 
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It will be noted that the correlation using rainfall from May 1 to 
July 31 is practically as high as the correlations including August and 
September rainfall. Similar results are obtained for the other New Eng- 
land states. In spite of the failure of August and September rainfall 
to increase the correlation in any significant degree, it is the opinion 
of potato growers that rainfall conditions during these months have 
in some years had a decided influence on yields. Fair prospects in 
midsummer have resulted in high, medium, or low yields, depending 
on rainfall during the last two months of the growing season. 

It is probable that in studying only the total rainfall from May 1 to 
the first of each month, the relationship of rainfall to yields is not ac- 
curately expressed. However, when rainfall during the season is 
divided into two parts—May 1 to July 31 and August 1 to September 
15—there is still no significant improvement in the coefficient of mul- 
tiple correlation. The relationships discussed so far have all been 
linear (in the form X,=a+b X2+cX3), where X; represents final yield, 
X, represents total rainfall, and X; represents trend. If the relation- 
ships are expressed as second approximation curves (such as X,;=a+ 
f(X2)+f(X;), the correlations are all improved, but rainfall from May 1 
to July 31 still seems to offer almost as good an explanation of yields 
as does either total—May 1-September 15 rainfall or separate early 
and late rainfall. 

A reconsideration of the problem led to the belief that the true 
relationship of yields to early and late rainfall is expressed neither by a 
formula of the type, X:=a+b X2.+c Xs, nor by the more generalized 
expression, X:=a+f (X2)+f (Xs), but that it might be expressed 
accurately in the form X,=f (Xe, X3). That is, early and late rainfall 
probably should not be treated as separate, independent factors in- 
fluencing yields, but should be studied jointly. The average influence 
of late rainfall on yields may mean little. A wet late season following 
a wet early season may seriously decrease yields, while a wet late season 
following a dry early season may increase yields. If this is true, the 
real relation between yields and early rainfall and late rainfall cannot 
be expressed either by straight lines or by curves, but only by a surface 
which indicates the yields which result from the various possible com- 
binations of early and late rainfall. 

The method by which such a curvilinear regression surface was 
determined is very similar to the method of determining curvilinear 
correlations which has been presented in this JourNAL by Dr. Ezekiel.! 


rainfall during the month of July was doubled, since a preliminary analysis of the data indicated that 
an additional inch of rainfall during that month was associated with about twice as great a decrease in 
yields as an additional inch in the other months. 

1M. J. B. Ezekiel, ‘“‘A Method of Handling Curvilinear Correlation for any Number of Variables,” 
this Journat, Vol. XIX, December, 1924, p. 444. 
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This method involves the plotting of net regression lines for each in- 
dependent factor, plotting the residuals of the dependent factor around 
the regression lines, and approximating these residuals with free-hand 
curves. In the solution of the present problem the only modification 
of this method was that the combined regression coefficients of two 
independent factors were plotted as one surface, residuals were plotted 
around this surface, and these residuals were approximated by a free- 
hand curvilinear surface. 
CHART I 


MAINE POTATO YIELDS RELATED TO EARLY AND LATE RAINFALL 
CIsorropic Lines calculated from reqression equation) 
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Instead of plotting two regression lines, X,=a+b 3X2 and X:i= 
a+b 13..X3, a regression surface was plotted representing the formula, 
Xi: =a+b w.3Xe+bi3.2X3. Chart I shows the regression surface 
resulting from a straight line multiple correlation analysis of the data 
in the accompanying table. This analysis results in the regression 
equation X , = 438.482414 — 12.897356 X2—12.830652 X3+ 2.935037 X.. 
The diagonal lines across Chart I show the various combinations 
of early and late rainfall which in 1927 (X:=15) would have been ex- 
pected to result in yields of 160, 170, 180, etc., bushels per acre as 
calculated from the above formula. These isorropic lines or lines of 








TT ke eee eee 











39] Isorropic Lines in Determining Regression Surfaces 147 


equal yield, numbered at the top of the chart, indicate that an average 
yield of about 300 bushels per acre in 1927 ' should, theoretically, have 
resulted from early rainfall of 7.5 inches followed by late rainfall of 
6.75 inches; or from early rainfall of 8.5 inches followed by late rainfall 
of 5.75 inches, or by early rainfall of 9.5 inches followed by late rainfall 
of 4.75 inches. 


MAINE POTATO YIELDS: RELATION TO EARLY AND LATE RAINFALL 












































Rainfall Yields Yields 
Trend | Yields | estimated | Residual | estimated | Residual 
Year from from 
5 ~ 4h 1 to | Aug. 1 to regression regression 
J : Sept. 15 equation * surface t 
X3 Xs Xi Xi 21 Xi 22 
1913... 13.17 3.66 1 220 224.6 — 4.6 225 — 5 
1914... 11.33 4.08 2 260 245.9 +14.1 238 +22 
1915... 15.96 4.12 3 179 188.6 — 9.6 195 —16 
1916... 15.46 3.77 4 204 202.5 + 1.5 200 +4 
1917... 17.77 5.53 5 125 153.0 —28.0 128 -— 3 
1918.. 18.09 3.87 6 200 173.1 +26.9 189 +11 
1919... 12.25 5.41 7 230 231.6 — 1.6 232 — 2 
1920.. 13.29 7.62 8 177 192.8 —15.8 177 0 
1921... 7.82 6.11 9 298 285.6 —12.4 300 — 2 
1922... 16.40 5.12 10 187 190.6 — 3.6 196 - 9 
1923... 10.61 3.51 11 258 288.9 —30.9 260 —2 
1924... 9.10 6.13 12 315 277.7 +37.3 314 +1 
1925... 11.35 5.38 13 250 261.2 —11.2 254 -—4 
1926... 5.60 14 290 283 .9 + 6.1 291 -1 
1927. 13.98 6.02 15 232 225.0 + 7.0 223 +9 
* Straight-line regression equati t Curvilinear regression surface 

a1 =438.482414 —12. 897356 28. 83065 x3 +2.9350337 81.234 858 

81.234 17.99 Pi. =.985172 

ri.2« =.896567 


It will be noted that the isorropic lines on the chart are straight lines, 
equidistant and parallel. In other words, the surface described by 
the formula is a plane. It is not a level surface (which would indicate 
no relationship between rainfall and yield) but a plane which is tilted 
from the high point in the lower left-hand corner to the low point in 
the upper right-hand corner. The relation of one dependent factor 
to two independent factors, as expressed by X:=a+b X2+cXs, can 
always be described by a plane, because of the fact that b and c are 
constants. The isorropic lines in Chart I, for example, representing 
differences of ten bushels in probable yields, are each at a distance from 


the next line of 0 on the X-axis and of 0 on the Y-axis. In the 
bie.s bis.2 


regression equation the constant a determines the height of this plane 
above the base line, while the constants, bi.; and bi3.. determine the 
slope of the plane measured on two axes at right angles to one another. 

If the equation used to determine the regression surface is of the more 
generalized type (X:=a+/f (X2)+/f (X3), the surface described may not 


1 The yield has been adjusted for trend in order to give 1927 values rather than mean values. 
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be a plane, since the functions of X_2 and X; may not be constants. 
Nevertheless, the surface described by such an equation is limited in 
somewhat the same manner as is the plane described by X:=a+b 
X2+cX;. The equation explains all values of X, by the addition of 
functions of X:and X;andaconstant. The addition of these functions 
determines that as X; increases from the lowest to the highest observed 
value, the shape of the curve, f (X2), remains unchanged, merely being 
raised or lowered in relation to the base line. Similarly the shape of 
the curve, f (X;), remains unchanged as X2 increases from the lowest 
to the highest observed value. That is, the partial derivatives with 
respect to each variable are constant. Since on the surface represent- 
ing the relation of X2. and X; to X, the curves f (X2) and f (X;) 
are lines drawn through any point at right angles to the axes, it 
will be seen that such lines (reverting to the technical language of 
surveying these would be called “profiles”) must all be parallel to 
one another. 

The potato yields in Maine from 1913 to 1927 (adjusted for trend 
according to the net regression on time) are plotted in Chart I. These 
yields are located on the chart in respect to both the X and the Y axes, 
representing early and late rainfall. Each dot on the chart shows 
for one year the amount of early and late rainfall which fell in Maine. 
Beside each dot is written the average yield of that year. Thus, at the 
top, left-hand corner of the chart is located a dot at 7.82 measured on 
the X-axis and 6.11 measured on the Y-axis. The dot is labeled 312. 
This indicates that during one season there were 7.82 inches of rainfall 
during the period from May 1 to July 31 and 6.11 inches of rainfall 
from August 1 to September 15, resulting in an average yield (adjusted 
for trend) of 312 bushels. 

The yield figures on this chart are similar to elevations on a map. 
The result is an uneven surface with many small peaks and valleys. 
The problem of determining a “regression surface”’ is that of smoothing 
out these peaks and valleys without changing the general shape or 
slope of the surface. It is the same problem the surveyor has in grad- 
ing an irregular surface of land. Instead of smoothing in one direction 
as in the case of the usual problem in curvilinear correlation, it is 
necessary to smooth in two directions simultaneously. In such two- 
way smoothing the statistician can make good use of a method commonly 
used in surveying—the contour line. Contour lines, or lines of equal 
elevation, are used on topographical maps to describe the existing 
slope or shape of a surface of land. If the surface of a plot of land is 
to be graded (7. e., ‘“‘smoothed’’), the engineer or the landscape archi- 
tect first calculates the elevation of the new surface by smoothing the 
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existing contour lines. It is possible to use a similar method of analysis 
in smoothing a “regression surface.” 

In the case of the problem presented here it is doubtful whether either 
the equation X,=a+b X2+cX; or the equation X,;=a+f (X2)+/f (Xs) 
can accurately describe the relation of yields to early and late rainfall. 
If either of these equations, for example, indicated that late rainfall 
20 per cent in excess of normal was associated on the average with a 
decrease of 50 bushels per acre in normal yields, it would be interpreted 
to mean that such a decrease in yields would be likely to occur whether 
the heavy late rainfall followed a dry or a wet early season. But 
observation tells us that heavy rainfall in August and September 
may be beneficial to the potato crop if the previous season has been 
dry, while it may be disastrous if the previous season has been wet. 
That is, there is reason to think that actually the curve represented by 
f (Xs) changes shape and even direction, depending on the values of 
X: with which it is associated. 

With this in mind, let us reéxamine Chart I. A group of dots to 
the left of the chart may be selected to represent yields in years of 
light rainfall during the period May 1 to July 31. Another group on 
the right-hand side of the chart may be selected to represent yields 
in years of heavy early rainfall. Studying the relation of yields to late 
rainfall in these two groups leads to opposite conclusions. Following 
light rainfall in the early season, rather heavy late rainfall seems to 
benefit the crop, while heavy late rainfall following heavy early rainfall 
results in decidedly lower yields. It is, perhaps, evident that the plane 
surface described by the isorropic lines on Chart I does not offer an 
adequate explanation of the observed relation of early and late rainfall 
to yields. 

The observed relation can be approximated by twisting the isorropic 
lines in Chart I in order to warp the original plane surface and to make 
it fit the residuals more closely. This presents no difficulty to the 
man who has been trained in surveying. The important thing to 
remember is that not only should each isorropic line be a regular, smooth 
curve, but each line should be so related to each other line that the whole 
surface will be smooth. When such lines have been tentatively drawn, 
it is well to read off the estimated values of X, along several lines at 
right angles to the X2 and X; axes. The values along these lines (or 
profiles) can then be smoothed and the corrected values replotted. 
This process assures the regularity or smoothness of the surface. The 
resulting isorropic lines define the first approximation of a regression 

surface. 
In case of the present study, a first approximation curve f (X,4) 
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was also drawn representing the net trend of yields. The first ap- 
proximation was then complete, including a net first approximation 
surface showing the relationship of X, (or yields) to X2 and X; (or 
early and late rainfall) and also a net first approximation curve showing 
the relationship of X, (or yields) to X, (or trend). Values of X,; were 
next read from the surface (X:=f (X2X3) ) and from the curve (X,= 
S(X4) ). A-second set of residuals was calculated from these values and 
was plotted on charts. From these residuals second approximations 
of the net surface and the net curve were made. 


CHART II 





PAAIMNE POTATO YIELDS RELATED TO EARLY AND LATE RAINFALL. 


CIsorropic Cines represent second approximation reqression surface 
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Chart II shows the second approximations in the equation X:= 
S(X2Xs)+f(X.4). This results in a coefficient of correlation of 0.985 
and a standard error of estimate of 8.6 bushels. The standard devia- 
tion of potato yields in Maine during the same years was 50.0 bushels. 
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An examination of the “lines of equal yield” in Chart II will show, 
first, that the surface described is smooth and regular in spite of being 
decidedly warped and, second, that the surface fits the observations 
much more accurately than does the plane surface on Chart I cal- 
culated from the straight line regression coefficients. 

By projecting the analysis into three dimensions rather than the 
customary two dimensions, it is possible to understand more clearly 
and more accurately the relationship of yields to early and late rainfall. 
It is demonstrated that late rainfall has had, in certain years, a decided 
influence on yields, but that this influence cannot be accurately de- 
scribed in terms of two dimensions. Heavy late rainfall may be a 
blessing or a curse, depending on the amount of rainfall which has 
fallen prior to August 1. In stating the relationship of late rainfall 
to yields either as X,=a+b Xo, or as X:;=a+f (X2), we arrive at an 
average relationship for all years, wet or dry, but on any particular 
year the true relationship may be quite different. 

The use of isorropic lines, or lines of equal value, is a modification 
of Dr. Ezekiel’s method which makes it possible to smooth residuals 
in two directions simultaneously. This modification is particularly 
useful in the analysis of time series because of the limited number of 
observations and the consequent difficulty in cross-tabulating and 
averaging the observations. Dr. Ezekiel’s method is similar to the 
method of grading a surface of land by determining a series of “ pro- 
files,’ while the modification of the method used here is similar to the 
method of grading in one process by contour lines. 
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STATISTICS AND ECONOMIC FORECASTING 
By E. M. Burns, Columbia University 


In the course of his recent book' investigating the methodology and 
the possibilities of economic forecasting, Dr. Morgenstern, of Vienna, 
challenges the claims of statisticians to contribute to thisend. He con- 
cludes that no basis for economic forecasting? is to be found either in the 
nature of our knowledge of the behavior of the economic world or in the 
manipulation of statistical material as a convenient summary of eco- 
nomic quantities or as data for probability calculations. Of the purely 
economic aspects of this book, which provides a much needed and skill- 
ful analysis of the central problems of theory at issue, little will be said, 
although grounds will be suggested for rejecting some of the conclusions. 
But those sections of his work which analyze the economic meaning of 
current statistical concepts break new ground and raise questions which 
statisticians cannot afford to neglect and which call for further examina- 
tion. 

Failing to find a satisfactory basis on which to build a theory of 
economic rhythm out of the possibly rhythmic nature of some funda- 
mental economic facts such as the regular recurrence of needs, Morgen- 
stern turns in Part II of his book to the most convenient form of 
expression of economic movement, namely, the presentation of the 
fluctuation of different economic quantities in the form of time series, 
and inquires what they represent and whether we can infer any eco- 
nomic necessity for the apparent regularities they exhibit. He asks, 
in short, whether, if we have a sufficient number of series, we can build 
a forecast, én the basis of a knowledge of trend movements and of the 
amplitude and duration of any kind of cyclical movements about the 
trend. A trend, he points out, is merely the direction of movement of a 
time series over a long period of time, but since the economic order is 
one of interwoven quantities, processes, and courses, we cannot con- 
ceive of trends in isolation. At any given time, the value of an obser- 
vation in a time series is at once determined by and determines the 
position of other quantities in the system, which themselves find ex- 


1 Oskar Morgenstern, Wirtschaftsprognose: eine Untersuchung ihren Voraussetzungen und Moglichkeiten, 
Vienna, 1928. 

2 It should be noted that Morgenstern uses the term “economic forecasting” in the sense of total fore- 
casting (Totalprognose), that is to say, “the foreknowledge of the exact historical position of all those 
time series which are regarded as indexes of the general condition of the particular economic system con- 


cerned” (p. 35). 
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pression as one of the items in their appropriate trends. Trends as 
discovered by the statistician are of two kinds: they may be purely 
empirical, 7. e., obtained by moving averages or by the fitting of a free 
hand curve, or they may be expressed in mathematical laws. But 
when we turn to the phenomena of which the observed values constitut- 
ing the series are but an expression, it is clear that the shape of the 
curve (the direction of the trend), and especially the changes of direc- 
tion, the breaks, of the trend may be due either to the occurrence of 
events due almost entirely to natural causes, such as the discovery of 
further gold supplies or a bad harvest, or to causes which can be ex- 
plained in view of what we know about the economic system. Even if 
this knowledge would justify us in accounting for such a degree of 
necessary regularity as would explain the expression of the trend in a 
mathematical law, it is clear that no such possibility attaches to the 
trends whose observations are conditioned by sporadic natural events. 
But if we admit, as we are forced to do, that all trends are interdepend- 
ent, we are faced with the fact that regular trends, obeying a mathe- 
matical law, in part rest upon irregular trends which can never be ex- 
pressed in such a form. Asa result Morgenstern concludes that there 
are in fact no regular mathematically expressible trends, and any theory 
of conjuncture—which, as he points out, is necessarily implied in any 
attempt to forecast on the basis of our knowledge of the working of the 
economic system—building around the trend as a “‘normal”’ is to that 
extent building on sand. 

Nor, he points out, is any better basis provided by the attempt to think 
in terms of a ‘‘general”’ situation whose movements can be described in 
terms of a general coefficient of progress (asin Cassel’s work). The gen- 
eral coefficient can only be an average of the different trends, and as 
such has very little meaning, since there is no probability, but rather the 
reverse, that a given general coefficient of progress will be reflected in an 
equal coefficient applying to all the constituent trends, of which it is 
the average. If at any given moment we regard the situation as de- 
scribable in terms of the combination of trend movements, we have to 
realize that this is a unique combination, since the constituent trends 
themselves do not remain the same for each arrangement of data. 
But if the combination is always unique, it furnishes a poor “normal” 
which can be used as a forecasting basis. On the one hand, a knowledge 
of the individual trends is insufficient; on the other, the measure of their 
interaction is so far conceivable merely as a statistical average whose 
apparent definiteness and exactness conceal the real differences in the 
situation and the relationships of which it should be the expression. 
It follows that if this normal disappears we can build but little upon the 
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statistically discovered regular deviations from it, 7. e., the cyclical 
movements of business-cycle theory. 

But if we have thus to renounce forecasting on the basis of more or 
less graphical representations of the movement of those series which 
are taken to characterize the economy, can we not use the material 
which is summarized in the form of time series as a means to the dis- 
covery of relationships between different entities which may provide a 
basis on which we can build a prognosis? This question at once leads 
to the further one: whether it is possible to summarize in the form of time 
series all those qualities of prices which have relevance for a complete price 
theory. If this can be done, then by comparing a sufficient number of 
series we may learn something about their relative significance in the 
economic order. But when we consider the individual items of a time 
series, we see that any given quotation is what it is not merely because 
of other contemporary prices—it is in part influenced by the general 
price situation which has ruled in the past. Each equilibrium depends 
upon more than the immediately preceding one. The demand and 
supply situation indicated by a given price can be understood only if 
we know something of the prices which have ruled in previous periods 
and the contracts which have been made at those prices. On the one 
hand, every price is itself the result of a variety of previous prices: on 
the other hand, each price, numerically remaining the same through 
subsequent units of time, can be conceived of as having an influence 
extending into the future and governing future prices, although with 
ever-changing intensity. This quality Morgenstern calls the “time 
quality” of prices. Unfortunately it is not possible to determine once 
and for all what this influence is, either in relation to the number of 
other prices which will be affected or to the time which will elapse be- 
fore the influence is finally worked out. Hence if we conceive of each 
price at any given time as influencing in some measure the future be- 
havior of the economic system, similar price quotations may represent 
very different streams of influence, and we cannot tell at what stage of 
the potency of any given price we are obtaining our quotation. 

It is of course undeniable that any event must, strictly speaking, 
reverberate throughout eternity. We may agree with Morgenstern that 
it would be rash to infer that two groups of identical price quotations 
mirror identical states of economic stresses and strains, stimuli and 
probable responses because of the possibility that the totality of events 
lying behind the one group differs from that lying behind the other, and 
because these events as well as the particular prices under consideration 
determine the reactions at the two instants of time to identical price 
situations. But the real question is whether Morgenstern’s objection 
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to the use of price series as an expression of the group of influences 
within an economic system would lose its force if we were comparing 
not two groups of all price quotations at an instant of time but two 
series of all price quotations over a period of time—if we were dealing, 
in fact, not with a price photograph but with a price film. If we then 
discovered that the identity of all prices in the two groups extended 
over long periods of time, should we be safe in inferring that the re- 
sponse to the two identical price quotations under consideration would 
be identical? There is little doubt that for the purposes of practical 
forecasting we should be so justified, and Morgenstern’s objection 
could only be made on the basis of fact, 7. e., that in practice we never 
should get such a series of identical quotations. So stated, his objec- 
tion is one of some importance. 

There is still the possibility that we may be able to use our knowledge 
of the movements of economic quantities as summarized in time series 
for the purposes of forecasting, by utilizing the concept of the Lag. 
If we have a group of time series all more or less interconnected, we 
may find that they do not all reach their high and low points simul- 
taneously, but that some follow others. If the lag between series is 
apparently permanent, it may be possible to forecast the position of the 
later series when the movement of the earlier one is known. Ideally, of 
course the series whose movements are used as a basis for the forecast 
must represent some economic quantity of infinitesimally small eco- 
nomic significance; for it if be large, then there may be no use in the 
forecast, for the curve itself will partially represent those very movements 
of the economic system of which a forecast is needed. Thus, the pig 
iron production curve is of little use for this purpose, for the production 
of pig iron plays such an important part among the criteria by which 
general trade conditions are judged that by the time the pig iron curve 
has moved, the significant activity of which a forecast was needed will 
be actually taking place. 

Morgenstern, however, suggests certain difficulties attending the use 
of lags as a basis of forecasting. Lags may be of three kinds, fixed, 
variable within limits, or dependent upon the existence of certain kinds 
of behavior or human rules and changing with changes in these. The 
permanent lags of the simple economy, which may reflect the technical 
production processes, etc., provide an example of the first kind. But 
these lags are but the results of the static nature of the economy and 
would disappear with that characteristic. Such lags can in the last 
resort rest only upon physical data. The second type of lag which may 
vary within limits may occur in relation .to processes of production 
which may be extended or contracted, but whose alteration will 
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entail an alteration in costs. Under one set of circumstances, e. g., high 
interest rates or general business prosperity, the entrepreneur may 
decide to spread the production over one period; under different cir- 
cumstances he will retard or accelerate the period of time taken for 
production. The effect of this action will be to alter the lag between 
the quantity considered and others. The third kind of lag depends 
entirely upon human laws. The lag of wages behind prices depends 
inter alia upon the kind and duration of wage contract made: the rela- 
tion between changes in bank deposits and the general business situa- 
tion may be influenced by a change in the law governing the reserve 
which banks must keep. Morgenstern holds that such lags probably 
constitute the greater number of those which are used for forecasting. 
Unfortunately we have no means of knowing to which class any given 
lag belongs (in this Morgenstern seems to be unduly pessimistic), so 
that the value of using the lag as a basis of forecasting is much reduced. 

Up to this point Morgenstern considers the use of statistics for eco- 
nomic forecasting which builds upon an assumed knowledge of the 
behavior of the economic world and of the nature and interrelationships 
of its parts. But even if we have to admit that our knowledge neces- 
sarily gives us no basis on which we can forecast, there is yet another 
approach to the problem which is opened up by the collection of eco- 
nomic data in statistical form. This is the possibility of calculating 
frequencies and applying probability theorems to our data. The 
bearing of the laws of probability on the fruitful use of statistical in- 
duction as a basis of forecasting seems to be twofold, and Morgenstern 
makes this section of his book less easy to read than it might be be- 
cause of a failure to keep the two sets of considerations apart. On the 
one hand it may happen that the form into which the frequency theory 
of probability has to be cast is one which in no way assists the seeker 
after an economic forecast; on the other hand it may be held that the 
nature of the economic system is not such as to make tenable the 
essential assumptions without which any use of probability theories is 
unjustified. 

If we are interested in the total forecast, no assistance can be ob- 
tained from any application of frequency theorems, for they can merely 
give information relating to the probability of occurrence of ‘certain 
defined characteristics calculated on the basis of previously observed 
regularities of occurrence among a large number of cases. We can 
never be in a position to make a forecast about a unique individual 
event; we can merely estimate the chances that a certain characteristic 
will manifest itself in a given instance. We can calculate the chance 
that a man of forty has of not getting run over by an automobile: we 
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can never say exactly which man will meet with such an accident nor 
that a given man certainly will or will not. But in economic forecast- 
ing, Morgenstern claims, we wish to know exactly what will be the 
economic situation of a community at a future date. We desire 
specific information about the exact position or value of the quantity 
which we have chosen to represent our general situation. The forecast 
must be exact and correct and must relate to an individual case: ap- 
proximate accuracy will not suffice. And even if we relinquish the 
possibility of expressing the totality of an economic situation by an 
individual series, a ‘“‘composite” or “general conditions’”’ index, and 
conceive of it as the conjuncture of a large number of series, we have 
then to forecast the probability that a particular value or series of values 
will be attained, not by one series but by a great number. Even fora 
single series the probabilities are small: the final probability resulting 
from the multiplication of the separate probabilities is likely to be 
infinitesimal. 

In order that a frequency constructed from a sample may be applied 
with a measurable degree of error to the totality of cases from which the 
sample is drawn, certain conditions must be fulfilled. Following Per- 
sons, Morgenstern points out that economic data fulfil none of these 
conditions and insists that it is useless to seek in statistical inference the 
key to economic forecasting that was denied by the approach of eco- 
nomic reasoning. 

Lest there remain some optimists who refuse to despair, Morgenstern 
assails their position by adducing a third group of considerations. 
He denies, in Part III, the possibility of practical forecasting on a 
statistical or any other basis because of the fact that once a forecast has 
been made public, it will be acted upon by the members of the economic 
system, and this action will necessarily falsify the forecast in practice. 
The possible ways in which this knowledge may have this effect are 
analyzed in the last section of the second part of the book. Two com- 
ments may, however, be made to this “fundamental” objection to 
forecasting. In the first place, if it were possible on other grounds to 
apply probability theory to a sufficiently large number of cases in 
which the existence of a forecast was one of the factors in the economic 
system, then this possible reaction to the known forecast would be of 
no relevance, for it would itself be subject to the laws of probability. 
But in the second place, it would seem that this objection can scarcely 
be regarded as a separate objection to the possibility of total forecasting ; 
it calls rather for discussion under the heading of our knowledge of the 
nature of the economic world. The question then resolves itself into 


! This contention of Morgenstern’s is challenged below. 
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deciding whether we have knowledge, not only of the general behavior 
of the members of the economy, but in particular of their relation to 
forecasts, and, if we did have this perfect knowledge, whether it would 
ever be possible so to frame a forecast that, taking into account the 
known reactions of the members of the economy, their joint result 
would be just such as to bring about the very forecast in question. 
This is a question which is indeterminate, but the problem is at least one 
which cannot be dissociated from the general problems relating to our 
knowledge of the nature of the economic society and of the interrela- 
tionships of its various parts. 

The same reasoning applies to the final objection urged by Morgen- 
stern, namely, that even if on our knowledge of the economic system 
forecasting were possible, the facts that men are guided by other than 
economic motives and that broad sociological events bear upon eco- 
nomic relationships present, in the absence of a perfected science of 
sociology, an insuperable barrier to forecasting. If the other formal 
requisites of probability theory were present, so that in entire ignorance 
of all interrelationships between sociological and economic elements it 
were yet possible to calculate the probability of the recurrence of a 
given combination expressible in purely economic form, then the fact 
of our ignorance of the nature of these sociological relationships would 
not invalidate the forecast. Indeed, our very lack of relevant knowl- 
edge might even support the probability, since there would be the 
greater certainty that the cases selected were chosen at random. Al- 
ternatively, we may regard this ignorance of the laws of sociology as an 
insuperable barrier to the construction of a reasoned system of theory 
which would suggest the essential relationships of the economic world. 
Here, again, the objection is in no sense separate from the two main 
points discussed in Part II of the book, but forms an integral part of 
that analysis. If we rely on probability theory it presents no difficulty 
in itself, provided the other formal requirements of this technique are 
present. If we build instead on our knowledge of the nature of the 
economic system, the lack of knowledge of the degree of influence of 
sociological factors is itself a proof that so far our theory of even the 
economic behavior of the economy (granted the economic reactions of 
these factors) is itself inadequate. In short, if we grant the validity of 
the arguments adduced in Part III, the elaborate discussion of the 
possibilities and assumptions of economic forecasting contained in Part 
II are superfiuous if our interest lies solely in the total forecast. 

Whatever the arrangement of the arguments, there is little doubt that 
Morgenstern has made out an effective case against the possibility of 
total economic forecasting. But it is possible to regret that he has 
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devoted so much time and attention to the establishment of so barren a 
conclusion. Even the most optimistic and ardent member of a con- 
juncture institute would scarcely assert a belief in the possibility of 
total forecasting as defined by Morgenstern. The practical and im- 
mediate problem is to obtain a better approximation to accuracy in 
our knowledge of the future than we have at present. Certainly from 
the point of view of the statistician with economic interests, the more 
important questions relate to the possibilities and probable effects of 
partial forecasts and to the relevance of the phenomena selected by the 
compilers of time series as the most significant from the point of view of 
the economic order. From this point of view, therefore, Morgenstern’s 
book is useful and stimulating, not so much because of the main con- 
clusion he establishes as because of the light he sheds upon current 
statistical concepts, of his analysis of the operation of the economic 
system, and of the refinements he makes in current price theory in the 
course of establishing his central thesis. As he points out, individual 
forecasts are an essential part of the economic system. All economic 
acts have to take the future into account, so that each is, in effect, a 
forecast. Unfortunately we have so far little knowledge of the criteria 
by which the members of the economy make their judgments, nor can 
we at present tell whether on the whole the separate judgments of 
individuals offset or intensify each other. Moreover, the individual 
forecasts are, in their way, forecasts of the total situation of the econ- 
omy. Weare dealing here, as Morgenstern points out, with one of the 
most unsatisfactory and least known and yet one of the most important 
parts of theory. It does, however, seem probable that the very exist- 
ence of conjuncture institutes will enable us to generalize with more 
certainty about the nature of forecasts made by individuals. For there 
seems little doubt that the effect of such institutes will extend much 
farther than the mere correction and the rendering more precise of the 
data on which judgments were previously made. The very form in 
which the material is cast, and in particular the selection of the series 
which are presented to the business world as indicative of the economic 
situation, must inevitably work toward some degree of unification of the 
bases on which economic judgments are made. We cannot leave the 
problem, as Morgenstern does, by advising the institutes to confine 
themselves to the giving of information, for they cannot give informa- 
tion about all economic matters, and they must work on some theory of 
the more significant series, knowledge of whose movements will be of 
assistance to their clients. The probable effect of this concentration of 
the criteria on which judgments of the future economic situation will 
be based and the possible contrast with the previous heterogeneous 
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bases of judgments raise questions of immense significance upon which 
one might have wished Dr. Morgenstern to have touched. One of 
these relates to the choice of series to be reported. Have the devisers 
of economic services made a wise selection? What is the nature of the 
entity whose state all these series endeavor to mirror? 

Furthermore, if we turn our attention from the total forecast and 
consider merely the forecasting of some of the symptoms of the working 
of the economy, it may well be asked whether all these incomplete 
forecasts are subject to the same objections that Morgenstern raises. 
One group he himself excludes. He conceives that it is possible to take 
all existing cycles and group them according to certain characteristics, 
é. g., crises with and without panics, or crises which begin on the ex- 
change or with the banks, and construct frequency tables which can be 
interpreted in the same way as the usual frequency tables, for all the 
logical requirements of the probability theory will be present. But 
this is all that a great many institutes do, and the reservation, there- 
fore, is of such significance that some analysis of the use that might be 
made of this knowledge seems called for. In what ways will the ac- 
tions of entrepreneurs and consumers be affected by the kind of knowl- 
edge that is amenable to such treatment? Will a knowledge of the 
probability of the occurrence of a given relation between the period of 
recession and the period of revival greatly affect the reactions of the 
active agents of the economy? We cannot answer this question with- 
out a theory of conjuncture upon which Morgenstern refrains from 
committing himself. 

But not only do we wish to know much more about the nature of the 
symptoms to which the probability theory may be applied (for if these 
are many then the inability to make total forecasts becomes a matter of 
much less significance): we also need to know how many economic 
fluctuations are of the nature of seasonal or weekly movements, or are 
even due to certain relatively fixed institutional facts, such as religious 
or other feasts which can, however, be regarded as exogenous from the 
point of view of the economy concerned. The effect of these externally 
produced periodicities is to impress a certain relatively fixed pattern on 
the demand situation of the economy. Certain needs are known to be 
more intense at some times than at others. Whether or not the 
general trend of production is upward, people will buy more cream at 
the same price on Sunday than they will on Monday. Whatever the 
general level of trade, it will be more active just before Christmas than 
just after. The broadcasting of such general forecasts will undoubtedly 
tend to increase what Morgenstern, following Max Weber, terms the 
subjective rationality of the economy, and because the regularity of 
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the movements is due to causes which are beyond economic control 
(or, if we choose to put it that way, because we have now the rudiments 
of a classification of the recurrence of human wants), the foreknowledge 
of the event cannot be followed by action which will falsify the fore- 
cast. Milk suppliers may see to it that there is more cream on the 
market on Sunday than on Monday, but the fact still remains that there 
is a stronger demand for cream at any given price on Sunday than on 
Monday. The ultimate effect may be to regularize the flow of cream to 
the market and to prevent waste, but the truth of the original forecast 
will remain unaffected. The question then arises as to how many of the 
other fluctuations of economic activity are of this nature, that is to say, 
that can be traced to some of the external factors which the economic 
scientist can take as ‘‘given”’ or ‘‘ultimate”’ for the purposes of build- 
ing up his theory of the operation of the economy and so can be made 
the basis of a forecast. 

Morgenstern would argue that because of the interdependence of all 
the quantities in the economic system it is impossible to forecast the 
part without of necessity forecasting the whole. But if we give up at 
this point, we must abandon all hope of creating a usable economic 
science, or indeed any science at all. Interdependence is a fact we all 
recognize, and our real problem is to make judgments of proportion 
and relevance. Despite the general fact of interdependence, there are 
some quantities which are of more significance in the determination of 
one group of prices than are others. In attempting to forecast the price 
of pig iron for practical purposes, it is feasible to neglect the price 
movements of toy balloons or of English baronetcies, although we know 
that a complete analytic account of all the streams of influence affecting 
the price of pig iron would have to take them into account. Thus, 
even though we grant Morgenstern’s contention that the interdepend- 
ence of trends makes it impossible to conceive of permanently fixed 
trends amenable to expression in mathematical form, it may yet be the 
case that some kinds of movements can be expressed by trends of longer 
time validity than others. If we could discover some of the more stable 
of these trends, perhaps those whose relation to the rest of the economic 
system is relatively indirect in the sense that their values may be de- 
termined very largely by factors uninfluenced by economic considera- 
tions, we might conceive of some quantities as being relatively so much 
more significant in the economic order that even admitting the fact of 
interdependence within the system it would yet not be altogether 
illogical to regard them as relatively ‘‘causal”’ in their relation to the 
rest of the system. One such factor is the fact of population growth 
in the determination of which economic considerations may play a 
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relatively small part. If there are many such series, we may for pre- 
scribed periods be enabled to supply forecasts of some of the other 
economic relationships and series whose positions will be in this sense 
determined during the period of the validity of the longer and less eco- 
nomically susceptible trends. 

Finally, there is a form of forecast which is admittedly incomplete 
but which may be made on the basis of a given theory of economic 
interrelationships. If our knowledge of economic cause and effect were 
greater, it might be possible to point to the logical consequences of a 
given form of economic activity, at least over a relatively short period 
of time. In fact, such warnings are by no means uncommon, and, in- 
deed, their absence would be a strong indictment of the progress made 
by economics as a science, which would certainly have a poor record if 
it could not even now point to some of the more probable relationships 
of economic activities. To say that if such warnings are heeded the 
forecasted event will not occur is to make a statement of purely aca- 
demic interest. The important question is the extent to which such 
statements of expected sequence are and could be made with advantage 
to the regular working of the economy. 

It may be objected that the problems raised require so intense and 
detailed an analysis of the economic system that it is ungrateful, where 
so much has already been given, to ask for more. And yet one cannot 
but feel that Morgenstern’s determination to prove the impossibility 
of the total prognosis has led him to disregard the analysis of the nature 
and significance of the different kinds of individual and partial prog- 
noses that are in fact being made and which thus form a part of the 
system whose behavior is to be discussed. From the point of view of 
the construction of a satisfactory theory, it is important to know 
whether these forecasts can be classified and whether their existence 
is a factor tending to enhance our knowledge of the behavior of the 
undertakers and consumers, by increasing our knowledge of the stimuli 
to which they react. It is no answer to reply that the analysis of actual 
types of forecasts being made is a practical problem, with which the 
theorist who endeavors to trace the logical working of a system is 
unconcerned. The theory of the social sciences from which we derive 
our logical procedure can be constructed only from a knowledge of 
actualevents. If we had a perfect system of theory, that which would 
be logically deduced from it would coincide with economic reality. It is 
clearly possible, of course, to make a certain number of postulates, and 
to build upon them a logical system. But as Simiand has pointed out, 
such a structure can be called an economic science only if the abstrac- 
tions of the system correspond to the complex reality, if they “‘respectent 
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les articulations du reél, expriment quelquechose a la fois le distinct et le 
vrai par rapport a la multiplicité des cas individuels d laquelle elles (les 
abstractions) correspondent.’”’' If we are to build up a satisfactory eco- 
nomic theory we must take into account all the relevant facts; we can- 
not stop when we have demonstrated the impossibility of a total fore- 
east of the economic situation. The question that still remains to be 
answered after reading Morgenstern’s book is how relevant are the 
actual forecasts that are being made at the present time. Does their 
existence necessitate any modifications in the system of theory which 
explained the operation of the economic world before statistical tech- 
nique made possible the type of work and the incomplete forecasts 
which in greater or lesser degree are taken into account by consumers 
as well asentrepreneurs? To the answering of this fundamental ques- 
tion Morgenstern’s demonstration of the impossibility of complete 
total forecasting helps us but little, but his penetrating analysis of the 
nature of certain statistical entities and of their ability to describe the 
totality of any given economic situation is a real contribution. 


1 Statistique et Expérience, p. 30. 
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actual forecasts that are being made at the present time. Does their 
existence necessitate any modifications in the system of theory which 
explained the operation of the economic world before statistical tech- 
nique made possible the type of work and the incomplete forecasts 
which in greater or lesser degree are taken into account by consumers 
as well asentrepreneurs? To the answering of this fundamental ques- 
tion Morgenstern’s demonstration of the impossibility of complete 
total forecasting helps us but little, but his penetrating analysis of the 
nature of certain statistical entities and of their ability to describe the 
totality of any given economic situation is a real contribution. 


1 Statistique et Expérience, p. 30. 
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DOOLITTLE VERSUS THE KELLEY-SALISBURY 
ITERATION METHOD FOR COMPUTING 
MULTIPLE REGRESSION COEFFICIENTS 


By Truman L. KELLEY AND QuINN McNemar, Stanford University 


Following the publication by Kelley and Salisbury ! of the iteration 
method for determining multiple correlation constants, there appeared 
an article by Tolley and Ezekiel? comparing the Doolittle method 
with the iteration method, in which they claimed the Doolittle method ' 
to be the better. They computed the regression coefficients for the 
same six-variable problem as presented by Kelley and Salisbury, 
giving a comparison of the number of operations required by each 
method, and concluded that the Doolittle method required approxi- 
mately one half the number of computations as the iteration method. 
Incidentally they have credited the iteration method with more 
arithmetic operations than actually exist for this problem. They 
further give the time required for the Doolittle but not for the itera- 
tion method. Nor do they take into consideration the simpleness of 
the majority of the operations involved in the Kelley-Salisbury 
method, many of which can be computed mentally in less than ma- 
chine time. 

Of still greater importance is the fact that the comparison made by 
Tolley and Ezekiel is for a six-variable problem, whereas it was stated 
by Kelley and Salisbury that the illustrative calculation involved six 
variables only to save space in presentation, and for no other reason. 
It was mentioned that the method had been found to be very service- 
able in a sixteen-variable problem. Kelley and Salisbury did not 
compare their method with the Doolittle method, because they had 
not used that method, but with a method “based upon determinants.” 
With no errors, computation by this method would be as short as by 
the Doolittle method. The method lacked, however, the adequate 
checking features of the Doolittle method and this was the cause of a 

1 Truman L. Kelley and Frank S. Salisbury, “An Iteration Method for Determining Multiple Corre- 
lation Coefficients,’’ this JouRNAL, 1926, Vol. X XI, pp. 282-292. 

2H. R. Tolley and Mordecai Ezekiel, ‘“‘The Doolittle Method for Solving Multiple Correlation 
Equations versus the Kelley-Salisbury Iteration Method,” this Journat, 1927, Vol. XXII, pp. 497-500. 


For this method see F. C. Mills, Statistical Methods Applied to Economics and Business, 1924, 
pp. 491-98, 577-81. 
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substantial portion of the increased time credited to the determinantal 
method. 

The present authors desire to express the conviction that the Doo- 
little method is a great improvement over the determinantal method 
used by Kelley and Salisbury, and they recommend it for a small 
number of variables—perhaps up to ten. There remains, however, 
the real issue in connection with which the iteration method was 
developed. Is it serviceable in handling a large number of variables? 

It is the purpose of the present paper to give a summary comparison 
of the time involved and the number of calculations required by each 
method when applied to a twenty-one-variable problem, and to 
suggest some improvements in the iteration method which have been 
developed since its presentation in 1926. The computations were 
made by the authors, who used an electric Monroe calculator for the 
machine work. 


TABLE I 
REGRESSION WEIGHTS 








— Iteration | Doolittle 
sabi 

Variable method method 

083 087 

2 081 .078 
3 166 .174 
4 ; ane aeca 304 304 
5 areas ee Pe : ‘ - — .094 —.100 
6 049 050 
7 018 018 
8 094 100 
9 sa tachivel eee : 035 035 
10 . sbawen , 025 024 
li 074 .076 
ER ee be ae 036 035 
13 071 067 
14 268 265 
) 056 056 
I 022 022 
eee : ; : 058 058 
18 F re : . — .019 — .025 
19 , = i oe ; 045 048 
20 ie . — 011 — .012 
Multiple r= 2781 82783 


The original data were scores on 20 psychological tests together 
with a criterion score measuring school success. The names of the 
variables are given in Table III and the intercorrelations in Table IV. 
The final 8 weights obtained may be of interest to psychologists and 
are given in Table I. As the tests themselves are not available to the 
public, the means and standard deviations are not given. 

Table II gives the number of calculations required by each method 
for obtaining the multiple regression weights and the multiple co- 
efficient of correlation for a twenty-one-variable problem. 
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TABLE II 
| Additions 

Methods | Multiplications Divisions 

| 
| Totals Items 

| | 

0 OME IRE 2,548 20 307 2,968 
2'530 


Kelley-Salisbury........... 2,150 29 








A glance at this table does not tell all that favors the iteration 
method. The Doolittle method required the recopying of 272 items 
as compared to none. Then it is to be remembered that one half the 
above “items added” in the iteration method can be accumulated 
in the machine, thus avoiding the double chance of errors involved 
in copying numbers from the dial and then replacing them in the ma- 
chine for adding. The “back solution” and final substitution into 
the original equations are the only parts of the Doolittle method 
where this time-saving scheme is practical. This affects but one 
fifth the number of items added by the Doolittle method. It is to be 
further pointed out that one fourth or more of the multiplications in 
the Kelley-Salisbury method are so simple that they can be performed 
mentally, some 25 per cent being of this nature as the problem was 
worked by the authors. In fact, the method as applied by Salisbury’ 
eliminates in the main process of the work all multiplications except 
those by 1, 2, 3, 4, and 5. It will be clear to one familiar with the 
method that the “hard” multiplications by 3 and 4 can also be 
eliminated, increasing the number of steps somewhat but decreasing 
the labor of each step. Trial by the computer will tell him how far it 
is economical to go in simplifying the work of each step. It is cer- 
tainly entirely feasible (though this was not done by the present au- 
thors) to follow a procedure such that all multiplications involved in 
getting corrective factors are mental, being by the digits 1, 2, or 5. 
In the Kelley-Salisbury method three fourths of the totals obtained 
are made up of two items only, which likewise can be done more rapidly 
mentally than by machine. None of the Doolittle operations is 90 
simple as to admit mental computation as better than machine 
calculation. 

Since errors are likely to creep into computations, it is to be noted 
that the Doolittle method has the advantage of an absolute check at 
the end of each step; but for a twenty-one-variable problem this is 
not such a quick and ready check as claimed by Tolley and Ezekiel, 


1F. S. Salisbury, “A Simplified Method of Computing Multiple Correlation Constants,” Journal 
Educational Psychology, January, 1929. 
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as is readily seen when it is pointed out that in nine of the twenty 
steps this check is not available until over 100 products are obtained 
and over 100 items added for each step. While the iteration method 
does not offer such an absolute method of checking except by recalcu- 
lation of Table III (of article by Kelley and Salisbury), one’s judgment 
ordinarily detects any significant error almost immediately after it is 
made. Nor does an error endanger further procedure, for with each 
Table III calculated (say once every 10 steps), a clean slate is presented. 


TABLE III 
DESCRIPTION OF TESTS * 


0 Criterion 11 Form Combination 

1 Arithmetical Reasoning 12 Computation 

2 Written Directions 13. Vocabulary 

3 Information 14 Sentence Completion 
4 Synonym-Antonym 15 Disarranged Sentences 
5 Practical Judgment 16 Logical Selection 

6 Analogies 17 Copying Designs 

7 Picture Completion 18 Pictorial Sequence 

8 Series Completion 19 Pictorial Identities 

9 Comparison Test 20 Recognitive Memory 


10 Symbol-Digit 


* Correlations based upon data from Horace Mann School, Grades 5-7, total population 193. 


As to the time element, the Doolittle method required 34 hours of 
computation and 28 hours and 35 minutes hunting for errors made. 
This includes 12 hours spent searching for an error in step 18 which 
never was found. While this unfound error affected the accuracy of 
the final Doolittle results, it did not prevent finishing the solution for 
present purposes. The same computer did the problem by the Kelley- 
Salisbury method in 19 hours and 20 minutes, including time spent 
finding errors. An expert or a professional computer could no doubt 
do both methods in somewhat less time. 

The present work has been fruitful in that it has made apparent 
certain further short cuts for the Kelley-Salisbury method which 
heretofore have not been demonstrated. It has been found that the 
constants a, b, c, etc., (of the Kelley-Salisbury article) computed need 
not be more than four in number for a problem containing as many as 
twenty variables. This reduction in the number of a, b, c, etc., 
constants is accomplished by making successively delta corrections of 
opposite sign. If a certain correction made is 6;=.05 then, in making 
the next correction, choose, of the largest indicated—say 6:;= —.03, 
§s=.05, and 5.=—.04—the one of opposite sign, namely, 6. = —.04. 
This process may be continued for several steps, generally until 
another Table III (of the Kelley-Salisbury article) is calculated, thus 
doing away with the calculation of a constant of the a, b, c, ete., type. 
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Another point to note is that of a number of indicated corrections of 
about the same size one should always make that one first that per- 
tains to the variable already having the larger weight. By the exer- 
cise of a little judgment, the number of corrective factors, designated 
by the small Greek letter delta in the Kelley-Salisbury article, can be 
reduced greatly. Surely a clerk should be able to handle computation 
involving such elementary exercise of judgment. At any time Table 
III can be calculated as a check to previous work, and doing so is at 
times helpful for further computation. It needs be mentioned again 
that this table does not require much time, since the addends can be 
allowed to accumulate in the machine. 

It is believed that for a problem containing a small number of 
variables the Doolittle method is the best available, but it seems 
evident that for a large number of variables the iteration method is 
much the shorter. If great accuracy is demanded the Doolittle method 
tends to become the more expeditious, but if computation accuracy 
of the order of .1 of the probable error of the regression coefficient 
involved (assuming samples of less than 20,000) is sufficient, and the 
authors do so deem it to be, then for practical purposes there is no 
real point in choosing the longer Doolittle method. 

It is interesting to note that the time for the solution of a twenty-one- 
variable problem, whether the 20 hours of the iteration method or the 
60 hours of the Doolittle method, is so short as to be quite negligible 
in comparison with the other time costs of a twenty-one-variable 
problem. 

The long delay in presenting this present reply to Tolley and Eze- 
kiel’s 1927 criticism of the iteration method is due to the fact that the 
present authors have felt it incumbent upon them actually to test out 
the two methods in question upon a critical problem before rushing 
into print, and they have not earlier had the time in which to do this. 
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FORMULAS FOR PROBABLE ERRORS OF COEFFICIENTS 
OF CORRELATION 


By WatTER Crossy EELLs, Stanford University 


There are three formulas for the probable error of a coefficient of 
correlation concerning the proper form and use of which there has been 
some confusion. Two of them are in a form that is somewhat awk- 
ward and laborious for common use. The object of this paper is to 
point out the complete and correct form of these formulas and to 
tabulate their values in a form suitable for convenient use. 

The first is the well-known formula for the probable error of the 
correlation coefficient, r, when it is found by the Pearson product- 
moment method. It is 





0.6745(1 —r?) 
P.E. r roduct-Moment > ee (A 
Product-M t /N 


The second is applicable when the probable error is desired for 
rho (p), the coefficient of correlation found by the Spearman method 
of squared differences in rank. As given by Pearson! it is 

_0.6745(1— 


*) 
P. E.p oH pt {1+.086p?+.013p'+.002p°} ------ (B 


The third is applicable when the Pearson coefficient, r, is found from 





: , 7p ; 
p by means of the transmutation formula r=2 sin (z*), As given by 
Pearson ? it is 


0.7063 (1—r?) 


7 {1+ .042r?+ .008r++.002r* } - -(C 
Vd 





. 
P. E. Tfound from p — 


Of some twenty well-known books on statistics and statistical 
methods—educational, economic, biological, and mathematical—only 
one was found in which these last two formulas (B) and (C) were cor- 
rectly and completely given. Yet if p is to be used at all, and if r is to 
be estimated from it by the sine relationship, it seems obvious that the 
P. E. of both values should be correctly and conveniently available as 
an aid in determining their significance and limitations. 


1 Karl Pearson, “‘On Further Methods of Determining Correlation,” Drapers Company Research 
Memoirs, Biometric Series IV. Mathematical Contributions to the Theory of Evolution, XVI 
London, 1907, p. 30, formula xlix, and p. 31. Pearson gives 0.67449 instead of 0.6745. 

2 Pearson, loc. cit., p. 31, formula (1). Pearson gives 0.70633 instead of 0.7063. 
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Both formulas (B) and (C) are correctly and fully given as above by 
Rietz and Crathorne in the National Research Council’s Handbook of 
Mathematical Statistics,' and their use is there correctly stated. 

Kelley ? states that ‘‘the probable error of p as determined by Pear- 
.7063(1 —p?) 
VMN 
greater than the probable error of r.”” He gives no formula for P. E. of 
r when found from p. The coefficient 0.7063 is the correct one for 
P. E. of r when found from p, not for p itself, according to Pearson’s 
original memoir. The expression in parentheses, composed of the 
higher powers, needs to be added for completeness. When this is done 
it is found, as Pearson states,* that “the maximum difference, as r 
approaches unity, is 10 per cent.’’ The larger coefficient accounts for 
about 5 per cent, the terms in the parentheses, for the other 5 per cent. 

Holzinger * makes the same mistake in his new textbook, giving the 

rs — 
P. E. of p as ay ae and not mentioning the P. E. of r found 
from p. He gives no reference for the derivation of this formula. 

Chaddock,' in discussing Spearman’s rank method of correlation, 
does not give the formula for its probable error, but states that ‘the 
probable error of p, as determined by Pearson, is about 5 per cent 
greater than the probable error of r.”’ 

West ® gives the probable error of the ‘‘rank coefficient” as 
0.6745 
VN 

Garrett ? gives no value of the probable error of p, but he gives for 
the probable error of r when found from ,, oe , and states 
that “the P. E. of an r found from a p, is about 5 per cent larger than 
the P. E. of the product-moment r.” 


' 0.706(1—p? 
Hines ° gives as ie for the probable error of p, no value for 


P. E. of r found from p. 


1H. L. Rietz (Editor), Handbook of Mathematical Statistics, Boston, 1924, p. 132, formulas 28 and 30. 
It is worth mentioning in passing, however, that the formula for transmutation of p into r is there given 


=p ; . {xp 
2) (formula 29) instead of r =2 sin (2 


son (1907 further) is » or approximately 5 per cent 





(1—p) and credits it to Pearson. 


incorrectly as r =sin 


?T. L. Kelley, Statistical Method, New York, 1923, p. 194. 3 Pearson, op. cit., p. 31. 

*K. J. Holzinger, Statistical Methods for Students in Education, Boston, 1928, p. 280, formula 133, and 
p. 355. 

*R. E. Chaddock, Principles and Methods of Statistics, Boston, 1925, p. 301. 

*C. J. West, Introduction to Mathematical Statistics, Columbus, 1920, p. 92. Slight change of notation 
used, for uniformity. Note p for p’. 
‘ H. E. Garrett, Statistics in Psychology and Education, New York, 1926, p. 191. 

H. C. Hines, A Guide to Educational Measurements, Boston, 1923, p. 33. 
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Brown and Thomson’? give no value for P. E. p, but for the probable 
_ 7063 (1—r ?) 
error of r when found from p they give VN . 





Many other authors, although they treat the method of correlation 
by squared rank differences, do not mention its probable error in 
connection with it. 

Thus, all of the books quoted, except the Handbook of Mathematical 
Statistics, are incorrect or incomplete in their formulas for the P. E. of 
p, and of r when found from p, and in their statements regarding its 
percentage difference from the value of the P. E. for the product- 
moment r. The derivation of the formulas in Pearson’s original 
memoir is, in his own words, ‘“‘admittedly lengthy, but [he has] not seen 
[his] way to shorten it, and the main point is to reach by some road the 
expression for the probable error.”’? It begins on page 25, and runs 
through page 31. With reference to both formulas (B) and (C), he 
points out (page 31) that in each case the probable error is in excess of 
that given by the product moment method by a maximum amount of 
10 per cent, this excess decreasing as the correlation coefficient ap- 
proaches zero. 

Since the formulas (B) and (C) are so rarely found in convenient 
form and are so tedious to calculate, it has seemed desirable to compute 
their values and to tabulate them for the entire range of the correlation 
coefficient. The following table gives the probable error from each of 
the three formulas (A), (B), and (C), to three significant figures, for 
values of the correlation coefficient varying by intervals of 0.01. The 
entries in the table are all for N=1. The value of the P. E. for 
TProduct-Momenty P, OF TfoundfromP May easily be found for any 
population N of correlated measures by taking the proper entry from 
the table and dividing it by V/V. 

No effort is made here to consider the limitations on N for small popu- 
lations leading to the desirability of using ~/ N — 1 or some other function 
of N. A good discussion of the limitations of probable error formulas 
from this standpoint may be found in Fisher’s recent book.’ If it is 
desired to use »/ N—1 for small populations, the table is equally useful. 

The computations on which the table is based were carried to five 
places and checked by differences. 


1 William Brown and G. H. Thomson, The Essentials of Mental Measurement, Cambridge, 1921, p. 103. 


? Pearson, op. cit., p. 25. 
3 R. A. Fisher, Statistical Methods for Research Workers, Edinburgh, 1925, chapter VI. 
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TABLE FOR CALCULATING PROBABLE ERROR OF CORRELATION COEFFICIENT 
WHEN FOUND BY PEARSON PRODUCT-MOMENT METHOD (A), SPEARMAN (9) SQUARED 
RANK DIFFERENCE METHOD (B), OR BY TRANSMUTATION OF » INTO r (C) 


(Computed for N=1. To find P. E. by Pearson's formulas for any population, divide tabular 
entry by /N) 











Value of —n P.E.p — Value of —— P.E.p Pe, ue 
correlation Moment from p correlation Moment from p 
coefficient (A) (B) (C) coefficient (A) (B) (C) 
. eer .6745 .6745 . 7063 (eeeseee .506 .517 536 
ee .674 .674 . 706 dasaesd .499 .511 .529 
Mvececs .674 .674 . 706 . eee .492 .504 .521 
' ver .674 .674 .706 steewe .485 + .497 .514 
Sie0e 6 .673 .674 .705 + .  P .478 .490 .507 
| eer .673 .673 .705 — . Sa .470 .483 .499 
/. ae .672 .672 .704 . See .463 .476 .492 
J acoees .671 .671 .703 :. ae .455 + .469 .484 
Bicnenes .670 .671 .702 ._ =o .448 .461 .476 
eteeee .669 .670 .701 . eer .440 .454 .468 
. eee .668 .668 .700 . See .432 .446 .459 
. err .666 .667 .698 . ere .424 .438 451 
. err .665 — .666 .697 ._ ae .415+ .430 442 
. iw .663 .664 .695 — aa saad .407 422 .434 

er .661 .662 .693 . oa . 398 .413 .425— 
2 errr .659 .661 .691 [ee .390 .405 — 416 

ee 657 659 .689 . re 381 . 396 .407 

eee 655 + 657 .687 er 372 387 397 

18 653 654 .684 363 378 388 

i waned 650+ 652 682 bi awes 353 369 378 
ua 648 650 — 679 . eee 344 360 368 

rian nied 645 — 647 676 , Spee 334 350+ 358 

ae 642 645 — 673 . ee 325 — 341 348 
.23 639 642 670 t ae 315+ 331 338 

ee 636 639 667 saan 305 + 321 328 

25 632 636 .664 acew aes 295 + 311 317 

ae 629 633 .660 ie saad 285 — 300 306 

ee 625 + 629 .657 . A 275 — 290 296 

28 622 626 .653 ig wee. 264 279 285 — 

ia a yerinia 618 622 649 eee 254 269 273 

ee 614 619 645+ pe 243 258 262 

ae 610 615— 541 co 232 246 251 

32 605 + 611 637 = RE 221 235 + 239 

ee 601 607 632 /_ Seer 210 224 227 

RR 597 603 628 ere 199 212 215+ 

De oe 592 598 .623 : 187 200 203 

587 594 .618 7. 176 188 191 

See 582 589 .613 . eer 164 176 178 
ee 577 584 .608 a 152 164 165+ 

re 572 580 .603 / Va 140 151 153 

ee 567 575 — 597 eineen 128 138 140 

oe 561 569 592 Mesa sve 116 125+ 126 

Se 556 564 . 586 [. eer 104 112 113 

ee 550 — 559 . 580 ee 091 099 100 

_ eae 544 553 574 lad 6 as 079 085 + 086 

538 548 568 at wa 066 072 072 

532 542 562 [ err 053 058 058 

526 536 556 . eer 040 044 044 

519 530 549 Meee ke 027 029 029 

513 524 542 / ee 013 015—- 015— 
ic kaa 000 000 000 
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A STATISTICAL ANALYSIS OF JUVENILE EMPLOYMENT 
IN ST. LOUIS 


By Ratrs and Mitprep Fietcuer, Washington University 


In a recent study, Juvenile Employment and Labor Mobility in the 
Business Cycle, Dr. Maurice B. Hexter has made use of employment 
permits issued to minors as an index of child employment. After sub- 
jecting this data to statistical analysis he discovers some very interest- 
ing relationships to exist between the cyclical fluctuations of this 
measure of juvenile employment and accepted indexes of business 
conditions. That such a study merits a continuation with the data 
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available in other cities is apparent. The purpose of this article is to 
compare the characteristics of employment permits issued in St. Louis 
with those issued in Boston and to discover to what extent the two 
may be affected by similar forces. 

The St. Louis data consist of the total work permits issued to chil- 
dren under Section 5 of the Child Labor Laws of Missouri, which reads 
that “no child under the age of fourteen years shall be employed at any 
gainful occupation when the school of the district in which the child 
resides is not in session, unless such child shall have a permit certificate 
issued in the manner and by the authority herein directed, and no 


1Child Labor Committee, Boston, Massachusetts, 1927. 
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child over fourteen years of age and under sixteen years of age shall be 
employed at any gainful occupation while the public school of its 
district is in session, unless such child has a permit in the manner and 
by the authority herein provided for, and no permit certificate shall be 
in force without renewal! for a period longer than three months from the 
date of issuance thereof.” The provisions of the act do not apply to 
children engaged in agriculture and domestic service. The data for 
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work permits in St. Louis are contained in the annual reports of the 
St. Louis school board and are available from January, 1913, to May, 
1927. For purposes of comparison, only the period studied by Dr. 
Hexter is used. Series No. 1 of Dr. Hexter’s study (New Employment 
Certificates) seems to furnish the best basis for comparing St. Louis 
with Boston. 

Chart I is a comparison of the trend of St. Louis work permits with 
the trend of new employment certificates issued in Boston. The 
formula for the St. Louis trend is log Y =2.60638—.01907X. The 
agreement of the two series in this regard is quite noticeable. Chart 
IT is a comparison of the seasonal indexes which are both constructed 
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by the Personian median link relative method. Except for the fact 
that the issuance of St. Louis permits continues more steadily through- 
out the early months of the year, the seasonal variations are substan- 

































































CHART III 
CYCLICAL FLUCTUATIONS 
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tially the same. 


The seasonal values for St. Louis are as follows: 


January, 72; February, 80; March, 85; April, 79; May, 83; June, 214; 
July, 121; August, 103; September, 139; October, 96; November, 73; 


December, 56. 















































WORE PERMITS IN ST. LOUIS 
(Standard units) 

1915 1916 1917 | 1918 1919 1920 1921 1922 1923 | 1924 | 1925 

Jan......] — .92 | — .26) + .01 | + .50 | + .29] — .19| — .12] + .09/ + .19| — .15 | — .08 
Feb......| — .78 | — .06 | + .28| — .10 | — .60| + .54] — .72 | — .38 | + .29| + .03 | — .I4 
March. — 86) + .01) + .25| — .01 | — .59| + .27| — .62 | — .49 | + 46) — .05 | — .15 
pelt ; — .87 | + .19] + .26| + .23 | — .39 | + .28]) — .72| — .88 | + .21} — .08 | — .02 
ay.....] — .78 | + .238| + .50] + .70| — .50| — .01 | — .7 — .12| + .09| — .44 | — .29 
June.....| —2.71 0 +2.53 | +6.61 | +1.57 | +5.53 | — .64 | — .37 | +2.21 | —1.89 | —1.14 
July.....| —1.73 | + .33 | +1.09 | +1.97 0 +1.01 | — .17 | +1.04 | + .66 | — .34 | + .50 
Aug......] — .97 | + .26] + .6€0/ + .58 | + .55 | + .35/) + .05 | — .17| — .30] — .36 | — .06 
Sept .| 1.03 | — .15 | + .42 | — .28 | — .76| — .39 | — .19 | + .49 | + .43 | —1.03 | + .26 
— 49} + .06 | + .16|) + .77] + .43| — .54] — .10| + .04) — .02] + .07 | + .18 
Nov.....] — .27 | + .12 | + .12] + .68 | — .10| — .46] + .17| + .28| — .16 | — .34 | + .19 
Dec......) — .05 | — .11 | + .16] + .85 | — .03| — .45 | + .50| + .13 | — .29|] — .26 | — .01 
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Chart III gives a comparison of the cyclical fluctuations expressed in 
standard deviation units. The correlation between these two series is 
as follows: St. Louis leading Boston by one month +.571, synchronous 
+.521, St. Louis lagging behind Boston by one month +.455. 

The marked character of agreement between the various statistical 
measures Of these two series, so widely separated geographically, in- 
creases the significance of the granting of work permits as a reliable 
measure of the fluctuation in the juvenile labor market. 
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CENTRAL COLLECTION OF SOCIAL STATISTICS 


A dinner meeting of the American Statistical Association was held at the 
Aldine Club, 200 Fifth Avenue, New York City, on Tuesday evening, January 
29, 1929. Seventy-nine persons were present. 

The first speaker of the evening was Dr. Godias J. Drolet, statistician of the 
New York Tuberculosis and Health Association. He spoke on “Central Statis- 
tical Services in Health Work in New York City.”” Dr. Drolet stated that the 
first system of central reporting in this field is the one developed by the members 
of the Association of Tuberculosis Clinics of the City of New York. The second 
includes the reports of the members of the Tuberculosis Sanatorium Conference 
of Metropolitan New York. The third system has been developed by the 
Cardiac Clinics coéperating with the Heart Committee of the New York Tuber- 
culosis and Health Association. The fourth, closely allied to the previous group, 
includes the reports of Convalescent Homes for Cardiac Children. The fifth is 
the central report system of the Bellevue-Yorkville Health Demonstration. 

The first four types of report systems refer to work that has been highly 
specialized and standardized (particularly in the case of tuberculosis) for a 
number of years, and to that extent have, therefore, become quite elaborate. 
The fifth system, namely, the reports exchanged at the Bellevue-Yorkville Health 
Demonstration, refers, on the other hand, to extremely varied public health and 
welfare work in a section of midtown New York. 

The Association of Tuberculosis Clinics first began requiring its members to 
furnish a monthly standard statement of their work some twenty years ago. Up 
to 1918 these monthly reports were sent to the Clinic Association for official use 
only, and were not exchanged between members. In 1919 Dr. Drolet consoli- 
dated the individual reports into a single statement and began reproducing copies 
by the zincograph process and circulating them to all the members of the Associa- 
tion, so that the individual members might have an opportunity to see what was 
going on in every district of New York. At present thirty clinics report upon 
their work. The reports are tabulated individually and by boroughs. All the 
clerical work incident to the central tabulation is done at the headquarters of the 
Association. 

The report for each clinic gives the case load at the beginning of the observa- 
tion, the admissions, the discharges, and the number of those remaining under 
observation, with subdivision as to whether they were tuberculous, non-tuber- 
culous, or suspects only. Data for children are separated from those pertaining 
to adults. Six items on the report describe the medical condition of the perma- 
nent cases of tuberculosis, so that one may get an idea of the results of treatment 
at each place. Two more items describe the positive history of the patients. 
Six more items relate to the nurses’ visiting work. Home supervision of tuber- 
culosis is a large factor with these organizations. Separate records are kept for 
clinic and non-clinic cases. More than 120,000 visits by nurses are made an- 
nually in this field alone, and it is important to see what effect these visits have on 
tuberculosis. 
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Seven items are devoted to recording the official, complete tuberculosis regis- 
tration in every district and in the city as a whole. At present there are some 
26,000 tuberculosis cases registered in the entire city. The data are so sub- 
divided that one can ascertain whether the patients are under clinic care, are at 
home, are under care of private physicians, are in hospitals in the city, are in 
sanatoria, etc. 

The reports also contain information as to the frequency of the clinics, the 
sum of the hours of their service, and the personnel, physicians, and nurses avail- 
able. They account for the examination of almost 40,000 persons annually. 

The report system of the Association of Tuberculosis Clinics served during the 
war as a model for the organization of similar work in France. At present, a 
report system, including 400 dispensaries or health centers, and covering almost 
every department in France, has been built up successfully and maintains a con- 
stant interchange of reports. The New York system of central report statements 
has been followed recently by tuberculosis clinics in the city of Philadelphia. It 
has also been utilized by a second group of associations in New York, which will 
be referred to later—the Cardiac Clinics. 

The second system of central statistical service, developed in New York City 
more recently, is that of the Tuberculosis Sanatorium Conference. The sanato- 
rium reports are not so elaborate as those of the clinic group. They do, however, 
furnish essential data for twenty institutions, sixteen of which are hospitals and 
sanatoria and six special institutions. They have a bed capacity or places for 
4.439 patients and care for more than 13,000 consumptives annually. The 
primary purpose of these local sanatorium reports is to observe the trend of the 
volume of tuberculosis hospital work in the Metropolitan Area; for sanatorium 
treatment is held to be the keystone in the control of tuberculosis. 

The third group of central report systems in New York City is that of the 
Cardiac Clinics, organized in codperation with the Heart Committee of the New 
York Tuberculosis and Health Association. 

The first four types of central statistical services described were devoted to 
specialized and standardized single lines of health activities. The fifth system, 
on the other hand, approaches practically every variety of public health work 
done by official or private agencies in one of the busiest sections of New York 
City, namely, the Bellevue-Yorkville district on the East Side, which has been 
the seat of the Bellevue-Yorkville Health Demonstration, one of the three 
New York health demonstrations inaugurated by the Milbank Memorial Fund. 
Beginning in 1927, the Statistical Division of the Demonstration attempted to 
devise an elementary formof gathering monthly reports from the various organiza- 
tions that worked there. This was difficult because of the great variety of serv- 
ices and their dissimilarity. The present report form was devised in order to give 
the Demonstration officials some measure of what was going on. It has three 
broad divisions, the first items relating to work at the Demonstration itself, the 
second to field work in addition, and the third to the personnel involved. The re- 
ports are simply an attempt to measure the volume of personal contacts that 
were being established between residents of that district and the health and wel- 
fare workers. In 1927 more than 100,000 such contacts were made. 
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Measurement of field work has proved difficult. The simplest measuring unit 
is the count of so-called “‘home visits.”’ It has been necessary to add also an 
item for “case visits.” There is need for closer definition of the unit in public 
health and welfare visiting work. At present a “home visit’? may mean merely 
the number of doors looked at by the workers, whether the cases were actually 
seen or not. Legitimately, no visits should be counted when the person con- 
cerned has not been seen. 

In regard to personnel, it is necessary to take account of whether the workers 
are engaged full time or part time. 

The central reporting systems cost relatively little to operate and, while they 
cannot take the place of intensive, special surveys, they have advanced construc- 
tive work. 

The second speaker of the evening was Dr. Ralph G. Hurlin, statistician of the 
Russell Sage Foundation. His topic was ‘‘Central Collection of Welfare Statis- 
tics and the Outlook for an Index of Dependency.” He called attention to the 
fact that twelve years ago Dr. Rubinow established a bureau of social statistics in 
New York City and made the first attempt to record changes in dependency by 
means of a statistical index. Funds to support this bureau soon gave out, how- 
ever, and the work was necessarily discontinued. 

Summarizing the present status of the collection of welfare statistics, Dr. 
Hurlin enumerated a series of recent projects. In 1926 Raymond Clapp pub- 
lished a report giving comparative data on volume and cost of welfare work for 
the year 1924 in nineteen cities. From this beginning there developed last year, 
at the initiative of the Association of Community Chests and Councils, a central 
registration scheme covering twenty-four fields of welfare activity in twenty-nine 
cities. This work is being done at the University of Chicago, under the direction 
of Mr. A. W. McMillen. 

In Pennsylvania several steps have been taken in the direction of better welfare 
statistics. The Public Charities Association of Pennsylvania is conducting a 
study in which several experiments in central reporting are being made. Analy- 
sis is being made in this study of trends and cycles in poor relief, as shown by 
a fifty-year series of welfare statistics for the counties of Pennsylvania compiled at 
the Pennsylvania Department of Welfare by Emil Frankel. The State Depart- 
ment is also instituting a system of central reporting, covering records of admis- 
sion and discharge of inmates of almshouses and other institutions in the state. 

The Welfare Council of New York is devoting much attention to current sta- 
tistics. For several fields of welfare work, regular reporting is already in opera- 
tion, and reporting in other fields is being organized. Dr. Hurlin presented a 
chart, prepared by Miss Maude E. Stearns of the Council, showing close inverse 
correlation between factory employment and the volume of services rendered by 
the New York City Municipal Lodging House. 

Reference was made to the work of the Committee of the American Statistical 
Association on Institutional Statistics, under the chairmanship of Dr. Horatio M. 
Pollock, in standardizing statistics of institutions, and to the plans the committee 
now has for introducing a system of standardized statistics for state welfare de- 
partments. That good progress has been made by professional organizations in 
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several fields of social work in standardizing terminology and definitions for sta- 
tistics was also pointed out. 

The collection of family welfare and relief statistics by the Russell Sage Foun- 
dation was begun in January, 1926, and since then monthly statistics have been 
collected and analyzed currently. Similar experimental collection of statistics 
has also been carried on in three other fields for the joint purpose of improving the 
periodic data and testing their value as dependency series. 

The discussion of the two preceding papers was begun by Dr. I. M. Rubinow. 
He expressed the opinion that it was unfortunate that dependency indexes were 
not appreciated in 1913 as they are at present. In those days the foundations 
thought that such figures were not amenable to statistical treatment and that 
efforts along this line represented social frills. The result is that we do not know 
what changes have taken place during the period 1913-1926. Dr. Rubinow 
questioned whether family agencies represent fairly the status of relief work in 
the United States. Family agencies are becoming so sociological that they do 
little relief work. The probabilities are that municipal lodging houses offer a 
better gauge of dependency. As a matter of fact, our indexes ought to measure 
economic need rather than the volume of relief actually given. This distinction 
is important because the exhaustion of funds in the treasuries of the relief or- 
ganizations may pull down the extent of relief given, even though the need is as 
great as ever. 

The discussion was continued by Miss Jessamine ‘S$. Whitney. She stressed 
the importance of the interpretation of the statistical tables which Dr. Drolet 
had spoken of as accompanying the tables sent out to the various clinics. Miss 
Whitney felt that tables, if not interpreted, were practically useless to the public. 
She also called attention to the fact that the oldest central recording system in 
the United States is that of the registration of deaths by the Bureau of the Census, 
this registration having been begun in 1900. 

Dr. F. Stuart Chapin stated that he found interest in social statistics far more 
intense in the United States than in Europe. He also wished to emphasize the 
fact that it is much more feasible to measure relative changes in social phenomena 
than it is to measure absolute quantities. 

Dr. Joseph Gillman called attention to a study made in Cleveland which 
showed close correlation between the number of families seeking relief and the 
standard indexes of business activities. 

Dr. Horatio M. Pollock stressed the fact that an upward trend in the volume of 
relief given is likely to indicate, not an increase in need, but rather an increase in 
resources of relief agencies. He pointed out, as an example, the fact that in- 
sanity appears, in general, to be most prevalent in the states in which the best 


facilities are furnished for the care of the insane. 
Wiuurorp I. Kine 
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ECONOMIC OUTLOOK FOR 1929 


On Thursday evening, March 14, another of the dinner meetings of the Ameri- 
can Statistical Association was held at the Aldine Club. Three hundred and one 
persons were present. Mr. Carl Snyder, former president of the Association, 
presided during the early part of the evening, but later his place was taken by 
Dr. Warren M. Persons, also a former president of the Association. The general 
topic discussed by the speakers of the evening was the ‘‘ Economic Outlook for 
the Remainder of 1929.” 

The first speaker of the evening was Mr. Paul Clay, of the United States Shares 
Corporation, who spoke on the subject, ‘‘The Financial Outlook.” In Mr. 
Clay’s view, the demand for stocks varies directly with the surplus cash which 
the people of the country have after they have paid all living and business 
expenses and the cost of ordinary construction and improvements. The stock 
market has been high recently because this surplus has been high, and it in turn 
has been high because the income of the people has been large. Because of the 
increased national income, we are justified in expecting that the volume of 
brokers’ loans will permanently be larger than it has been in the past. It ap- 
pears, however, that stock speculation has of late increased the volume of such 
loans to an abnormal height, for recently this volume has been in toto 11% 
per cent as great as the aggregate bank deposits. At the peak of previous 
bull markets, it has never exceeded 414% per cent of the aggregate of bank 
deposits. 

In general, interest rates and stock prices are tied together. Stock buying 
raises interest rates, and these rates do not fall much until the bull movement in 
stocks is past. As long as stocks are rising, easy profits induce people to buy 
more stocks rather than to pay off loans; hence, as long as the stock market con- 
tinues to rise, it tends to absorb all available funds, without regard to how ex- 
tensive these available funds may be. 

The remark is frequently heard now that this is a permanent bull market. 
This view is far from being new, having been held in most past bull markets. 
The boom in stocks will last just as long as optimism and confidence continue, for 
it is purely psychological in nature. 

Much attention is being devoted to the fact that current yields on stocks are at 
present extremely low. As a matter of fact, they are not much lower than was 
the case in 1902 and 1906. The truth is, however, that the ability to borrow 
and buy, and not the rate of return, is primarily responsible for the bull market. 
To sustain a bull market, three things are necessary—courage, capital, and credit. 
The first of these three to fail is, ordinarily, courage. As soon as confidence dis- 
appears, the break willcome. At present there is strong evidence that confidence 
is weakening. Bankers are showing a disposition to curtail credits. The large 
investors have apparently been disposing of their stocks since the first of Febru- 
ary. 

The bull market cannot continue without the continual pouring in of new 
money; therefore active industry is essential to the maintenance of a bull market. 
It is frequently contended that brokers’ loans finance industry and assure its 
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75] 
continuance. This is largely fiction, for an analysis of the facts indicates that 
brokers’ loans do not, at the outside, finance industry by more than 8 per cent of 
the total amount of these loans. 

The fact that bond prices have fallen off since last May more than in any 
similar length of time since 1922, is another sign unfavorable to the continuance 
of the bull market. In the past such reactions in the bond market have always 
been followed by trade reaction or depression. When the flow of investment 
funds into the bond market stops, industry is no longer adequately financed and 
hence depression follows. There is no evidence that industry has ever secured 
through the stock market funds sufficient to carry it along successfully. It must 
be admitted, however, that today corporations are better financed, better man- 
aged, and have a higher standard of ethics than ever in the past. Furthermore, 
people are learning the science of investment. All of these forces tend to sta- 
bilize industry on a high level. 

Despite these facts, however, one must remember that over-confidence has 
always been followed by fear. If interest rates begin to fall, it will not be a 
favorable but an unfavorable sign, as far as the stock market isconcerned. The 
chances are that the volume of brokers’ loans will contract before autumn of this 
year and that trade will feel the tightness of money. If the stock market begins 
to decline, business will slacken, for most business men use the stock market as a 
barometer, and when it shows an appearance of weakening, they curtail their 
activities. 

While it appears, then, that depression is in the offing, it will probably be 
short-lived because of the fact that the underlying supports of industry are at 
present so well buttressed. The chances are that the decline in the stock market 
will not exceed 15 to 25 per cent of the present value. When this deflation has 
taken place, business will be left in a thoroughly secure position. 

The second speaker of the evening, Mr. Thomas 8. Holden, of the F. W. Dodge 
Corporation, dealt with ‘‘The Building Outlook.” He began by pointing out 
that the construction contract record for February, 1929, showed a marked de- 
cline from the February, 1928, total. While declining building volume was 
rather expected in the early months of 1929, the February decrease was more 
severe than anything that had been seen for some years. This calls for careful 
appraisal of the general situation in order that too much significance may not be 
given to the record of a single month. 

During the period 1921-1925, annual increases in construction expenditures 
averaged 888 million dollars; since 1925 the average annual increase has been 
but 147 millions, about one sixth the rate of the former period. The 1921-1925 
period was one of rapid expansion in building, general business, and industry, 
supported by vastly augmented credit facilities and expressing itself in wide- 
spread prosperity and a distinct advance in living standards. Per capita con- 
struction expenditures rather more than doubled between 1921 and 1925. But 
the accelerating force that produced rapid expansion appears to have spent itself, 
at least for the time being. The secular-trend curve for construction volume in 
the past ten years is an S-curve, with a period of gradual increase dating from 
1925. Hereafter, increasing population would demand slowly increasing con- 
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struction expenditures; some new accelerating force tending toward expansion 
might also bring about greater per capita expenditures. 

Since 1925 there have been definite evidences of cyclical movements in build- 
ing. There was a general recession in 1927; some whole regions and some large 
cities have had continuous declines in building volume since 1925. More fre- 
quent adjustments of building supply and demand seem to be moderating the 
severity of the cycle, and there is some reason to believe that the period of the 
short cycle is a little shorter than it used to be. The current decline in building 
seems to be a downward phase of the cycle. The decline to date has largely 
consisted of reduced volumes of residential building, always the first to decline 
in a downward cycle movement. There is evidence that indicates the current 
movement to be an adjustment of residential building supply to demand. 

Evidences of stability are seen in continuously increasing assets of building and 
loan associations, increased savings, stabilized construction financing, and in the 
absence of radical price changes in recent years. These stabilizing factors give 
support to the belief that the current decline need not be prolonged or severe. 

The current movement seems likely to run as follows: residential building is 
likely to decline for some months; non-residential building (now being contracted 
for in larger volume than ever before) is also likely to fall off a little later; these 
two factors probably resulting in somewhat less building volume than in 1928. 
Public works and utilities projects (mainly civil engineering work) are in great 
demand and are recognized as desirable in large volume at times when private 
contracts are declining. This class of work is more likely than any other to 
increase this year, and might offset to some extent the probable decline in 
building. 

The third speaker of the evening was Dr. Julius H. Parmelee, director of the 
Bureau of Railway Economics, Washington, D.C. The topic which he chose for 
discussion was “The Railroad Outlook.” He pointed out that in considering the 
railway business, one must always keep in mind that it reflects directly all other 
types of business activity, for no business can get along without a certain amount 
of transportation. 

For their revenues, the railroads are dependent primarily upon freight, and 
only incidentally upon passenger traffic, the passenger revenues constituting but 
about 15 per cent of the total of all revenues. 

Charts which Dr. Parmelee distributed showed separately, for passenger and 
freight traffic, trend lines constructed on the basis of the records for years pre- 
ceding 1915. After 1915 the number of passenger miles followed the trend line 
fairly closely until 1920. Since then this curve has dropped far below the trend, 
in 1928 being one third lower than in 1920, and even below the level of 1909. 
This great drop in passenger traffic has, of course, been due to the competition of 
the automobile. 

The curve representing the ton miles of freight traffic has not only kept up to 
the trend indicated to 1915, but has actually risen above it. The years 1926-7-8 
were record-breaking years for freight traffic. It is, of course, true that motor 
trucks and transportation by water have had some adverse influence on the 
volume of railway freight, but apparently as yet this influence has been almost 
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negligible, the total of competitive freight carried probably not exceeding 5 or 6 
per cent of the freight carried by railways. 

What are the indications for the rest of 1929? The volume of freight normally 
grows from 2 to 5 per cent per annum. The freight traffic for January, 1929, 
however, shows a 7 per cent increase over that of January, 1928. Carloading 
figures for the first nine weeks this year are 4 per cent larger than for the corre- 
sponding period last year. A three months’ moving average, however, indicates 
that at present there is a downward cyclical movement in the volume of traffic. 
All things considered, the chances are that the total volume of freight traffic in 
1929 will be between 1 and 2 per cent larger than in 1928. This will probably 
cause an increase of freight revenues of a hundred million dollars. Passenger 
revenues will probably diminish by forty millions. Mail revenue will increase 
because of the additional allowance made by a recent decision of the Interstate 
Commerce Commission. The chances are, then, that total railway revenues 
for 1929 will be at least 100 million dollars larger than in 1928, and that net 
income will rise by 75 millions. 

‘The railroads have been economizing greatly in recent years. Despite a de- 
cline in revenues and a rise in taxes, they cut their total expenses last year 143 
millions of dollars. It is hoped that there will be some further reduction in ex- 
penses in the present year. The probabilities are that the rate of return on the 
investment of railways will be from 4.8 to 5 per cent in 1929, as compared to 4.7 
in 1928. 

It is likely that the railroads will buy somewhat more supplies and more equip- 
ment this year than they did last. The total outlay for materials and supplies, 
equipment, and other capital improvements will probably be about 214 billions 
in 1929. 

The last of the four regular speakers on the program was Dr. Ralph C. Epstein, 
of the University of Buffalo. The title of his paper was ‘‘The Automobile Out- 
look.”” He reminded the audience that in 1905 the motor age was said to have 
arrived because twenty-seven automobiles passed the Union League Club in one 
afternoon. From 1903 to 1916 the rate of growth in the production of automo- 
biles was remarkable, the increase being about 45 per cent per annum, and re- 
maining practically constant during the entire period. Between 1916 and 1923 
the proportionate rate of increase diminished remarkably. Since 1923 the total 
volume of automotive output has been almost stationary, except for cyclical 
movements. 

What are the prospects for 1929? Magazine writers have expressed very 
optimistic sentiments concerning the outlook for this year. The production 
records for January and February have been far above those for the correspond- 
ing months of previous years. In analyzing these figures, however, it is well to 
keep in mind the fact that the production of Ford and Chevrolet cars accounts 
for more than half of the total output at the present time. The Ford factory has 
been accelerating its production ever since it opened last year. The Chevrolet 
Company has substituted a six-cylinder car for a four. Other passenger car 
producers have announced new models at a date earlier than normal. It may, 
then, well be true that the high record for January and February is indicative 
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mainly of these transitory forces, and that, therefore, the seasonal curve for 1929 
is different from that characterizing the past few years. Of course, if this is not 
true, the outlook for 1929 is extremely favorable. Should the ratio of output for 
the first two months of this year to the year’s total be the same as in previous 
years, then more than 5 million vehicles would be turned out in 1929. 

The chances are, however, that the 5 million figure will not be reached. If it 
is, it will probably be because of the growth of the export business which has been 
developing at a very promising rate during the past few years. Exports, how- 
ever, advance very irregularly, increases in recent years having run between 1 per 
cent and 59 percent perannum. It is possible, however, that the export business 
may increase in 1929 by as much as 200,000 passenger cars. 

In making estimates of the total volume of production, it is necessary to dis- 
tinguish between the demand for new cars to replace cars not yet worn out and 
the demand to replace cars that are actually scrapped. The fact that many 
families are now coming to feel that they need two cars is also a material factor. 

There is no question but that the total volume of the automobile production 
today depends very largely upon the volume of general business activity. It is 
likely, however, that during the next three years the production of automobiles 
will not average more than 434 millions annually. It is probable, also, that the 
percentage of net profits on investment will be materially lower in 1929 than in 
1928, for competition seems to be becoming increasingly keen. 

The discussion of the four papers of the evening was begun by Mr. W. C. Clark, 
economist and vice president of 8. W. Straus and Company. Mr. Clark said 
that the thing that interested him most as regards its influence on the building 
outlook was the question of whether the failure of courage looked for by Mr. Clay 
would come in April or in September. If it did not happen until September, it 
would have very little effect upon the building record of 1929, as most building 
plans for the year will have been completed long before that date, and likewise it 
probably would have little effect on the record of 1930. Mr. Clark agreed with 
Mr. Holden in feeling that the secular trend of building will be moderately rising 
for some time to come. He was less confident, however, that we would escape a 
downward cyclical movement, due to the hardening of interest rates. Any 
downward movement, however, would be offset to a considerable extent by the 
following new developments in the building industry, as well as by the stabilizing 
influences discussed by Mr. Holden: 

1. Large financing corporations have recently been organized, having as their 
purpose the furnishing of an abundance of ready capital for short-time building 
loans. 

2. Large scale consolidations of banking, building, and real estate concerns 
have taken place, and they are putting the building business on a much firmer 
and more stable basis than formerly. 

3. Much more of the building activity of the country is being financed by 
stock issues than was formerly the case, and this fact will prevent the high interest 
rates now prevailing from having so much influence on building as would other- 
wise be the necessary effect. 

This stock financing does not noticeably affect the cost of senior money, but it 
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has a great influence upon the availability and the cost of junior remaining funds. 
The fact should be kept in mind, however, that because of the demand and supply 
situation, the three causes just mentioned are influential primarily in New York 
City alone. 

The discussion was continued by Mr. F. Leslie Hayford, economic statistician 
of General Motors Corporation. He began by stating that he agreed with Dr. 
Epstein that the volume of automobile production is largely dependent upon 
general business, but he also expressed the opinion that this had not been so true 
afew years ago asitnowis. In general, his present feeling was that Dr. Epstein 
was somewhat too pessimistic about the production outlook for 1929. 

Mr. Hayford stated that he did not expect that production would continue 
throughout 1929 at the rate established for January and February, and that the 
output for the first quarter would probably constitute a larger proportion of the 
year’s volume than usual. He believed, however, that not enough cars had been 
purchased in 1928 to satisfy the existing demand, and that this fact would tend to 
make 1929 production high. The chances are that the domestic demand for 
passenger cars will be at least as strong in 1929 as in 1928 and that the output of 
passenger cars and trucks for export will be greater than last year. Also, it is 
probable that dealers will increase their stocks carried over at the end of the year, 
since the stocks of a number of makes of cars were abnormally low at the end of 
1928. There is every reason to believe that production for the first half of 1929 
will break all records, and, while the second half probably will not be so active, 
the total for the year seems likely to be relatively high. 

Mr. James S. Hughes called attention to the fact that the breaking point of 
courage, as regards stock purchasing, never occurs except in the months when 
oysters are in season. 

Mr. K. W. Jappe felt that the fact that bank credit, which normally tends to 
expand at the rate of about 7 per cent per annum, had not recently been growing 
so rapidly is a sign that some depression in industry is likely to make itself felt 
soon and that this will occasion a reaction in the stock market. 

WItFrorp I. Kine 


FELLOWSHIPS OF THE SOCIAL SCIENCE RESEARCH COUNCIL 


At its recent meeting the Fellowship Committee of the Social Science Research 
Council awarded 29 research fellowships. The awards were distributed among 
the social sciences as follows: Anthropology, three; Economics, six; History, six; 
Political Science, four; Psychology, three; Sociology, three; Geography, one; 
Law, two; Miscellaneous, one. 


The six Fellows selected from the applicants in Economics are: 
Hamilton, Earl Jefferson (Ph. D., Harvard) 

Assistant Professor of Economics, Duke University. 

Project: Money, prices and wages in Castile, 1500-1660, especially as affected 
by the influx of treasure from the Hispanic Colonies of the New World; and 
American gold and silver production 1557-1660. 

Study in Spain, especially in Castile. 
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Hohman, Elmo P. (Ph. D., Harvard) 

Social Science Research Council Fellow 1928-29. 

Project: A comparative study of American and European seagoing labor in the 
twentieth century, with special reference to the operation of the LaFollette 
Seamen’s Act. 

Study at Geneva and Far East maritime centers. 

Hoover, Calvin Bryce (Ph. D., Wisconsin) 
Professor of Economics, Duke University. 
Project: The banking system of the Union of Socialist Soviet Republics with 


special reference to the problems of a “managed currency.” 

Study in Russia and the United States. 

Johnson, Edgar A. J. (Ph. D., February, 1929, Harvard) 

Instructor and Tutor, Harvard University. 

Project: A study of British mercantilism of the eighteenth century. 

Study in London. 

Rauber, Earle L. (Ph. D., August, 1929, Chicago) 

Student and Research Assistant, University of Chicago. 

Project: Labor legislation as manifested in practice as compared with paper 
programs. 

Study in Prague, Vienna, and Moscow. 

Staley, Eugene (Ph. D., December 1928, Chicago) 

Research Assistant, Causes of War Committee, University of Chicago. 

Project: International private investments as a factor in international 
relations. 

Study in London, Paris, Berlin, and perhaps Geneva. 

The three Fellows selected in Sociology are: 

Brown, Esther Lucile (Ph. D., June, 1929, New Hampshire) 

Assistant Professor of Sociology, University of New Hampshire. 

Project: Lycanthropy—the Loup Garou. 

Study in Canada and France. 

Lumpkin, Katharine Du Pre (Ph. D., Wisconsin) 

Instructor in Sociology and Economics, Mount Holyoke College. 

Project: A study of the social situation as related to conduct-problem children 
in dependent families. 

Study in New York City. 

Wirth, Louis (Ph. D., Chicago) 

Assistant Professor in Sociology, Tulane University. 

Project: Segregated areas and local communities in German cities: a compara- 
tive study in methods of social research as affected by recent developments 
in human ecology and social psychology. 

Study in Germany. 

These fellowships are designed to promote the development of research workers 

rather than to aid in the execution of specific research projects. It is hoped they 
may save to the field of productive scholarship promising doctors of philosophy 
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whose zeal for research and writing has been gradually ebbing under heavy and 
diversified teaching schedules and routine administrative responsibilities. Or 
again, by affording a year of travel and investigation, the fellowships may 
broaden and enrich the scholarship of the young men and women who have just 
completed their Ph. D. work. Such a year may enable a Fellow to push further 
his researches in the field which his Ph. D. thesis has opened up. It may simply 
result in his digging deeper within the narrow confines of his own discipline. 
This in itself is worth while. It may, however—and the Committee hopes that 
this will frequently prove to be the case—enable him to broaden his approach to 
the problem of his special interest. He may elect to use the year to study such 
phases of other social disciplines as will enable him better to understand the 
ramifications of his own problem. In this way he will become not only a more 
effective economist or historian, for example, but also a more effective social 
scientist. 

Awards are made once a year. Applicants should apply to John V. Van 
Sickle, Fellowship Secretary, 230 Park Avenue, New York, New York, in time 
to get their formal applications in by December 1 for the awards beginning 
July 1 following. The Committee meets in January or early February and the 
awards are made known around the middle of February. 

The fellowships are open to men and women, citizens of the United States or 
Canada, who hold the Ph. D. degree or its equivalent and who are not over thirty- 
five years of age. These requirements are not absolutely iron-bound, but ex- 
ceptions are more and more infrequent. The general term of the fellowships is 
one year, though in exceptional cases they may range from three months to two 
years. The stipend varies with the requirements of the Fellow, such as his pres- 
ent salary, number of dependents, and amount of travel involved. 


PROGRESS OF WORK IN THE CENSUS BUREAU 
THE CENSUS BILL 


The bill providing for the next, or Fifteenth Census, failed of passage at the 
last session of Congress, which terminated on March 4. Its fate was sealed as soon 
as it became evident that the bill for a reapportionment of representatives could 
not be passed over the opposition which developed in the Senate, as the sponsors 
of reapportionment would not consent to have the census bill taken up so long as 
no apportionment bill had been enacted. 

A census bill substantially the same as that which failed of passage has been 
introduced at the present special session of Congress, but its fate again depends 
upon the willingness of Congress to make provision for the reapportionment. At 
this writing, the prospect for the enactment of both measures seems very favor- 
able. If a census bill is enacted it is probable that the date of the census will be 
November 1, 1929, as that is the date favored by the agricultural interests and 
appears to be the best for a census of population, coming at the time of the year 
when, generally speaking, the people of the United States are most likely to be 
found at their homes or usual places of abode. If, perchance, the census bill 
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should not pass, the Bureau, as explained in the March issue of the JourNaLt, will 
have to fall back upon the act of 1919, which requires the census to be taken in 
January and is in other respects an unsatisfactory law as applied to present 
conditions. 

It seems fairly certain that the bill will provide for a census of unemployment, 
and the Bureau is already giving consideration to the question of the best method 
of obtaining satisfactory and reliable statistics on that subject. It is not certain 
that it will suffice to add one or two general questions to the populetion schedule. 
It may be advisable to cover the subject on a separate supplemental schedule 
carrying several questions to be filled out by the enumerator of the population 
whenever he finds any person having a gainful occupation but not employed at 
the time of the census. How many and what questions it will be necessary to ask 
in order to obtain the desired information regarding the extent or degree of un- 
employment, is, however, a matter yet to be determined. 

One difficult problem that always confronts the census taker, and one which 
with the increasing mobility of the population is becoming ever more difficult, is 
that of enumerating the people in the localities in which they belong, or of includ- 
ing in the population of any given state, city, or other political unit, those classes 
which constitute its population for the purposes of the census. In the instruc- 
tions to enumerators at recent censuses it is stated that the law requires that the 
people shall be enumerated at their usual place of abode. 

The question, however, of who shall be included in the population of any given 
locality is, in fact, one to which the law gives no very definite answer. The de- 
cennial enumeration of population is required by the Constitution as a basis for 
the apportionment of representatives. But the Constitution says simply that 
representatives shall be apportioned among the several states according to 
“their respective numbers,” counting the whole number of “persons in each 
state,”’ excluding Indians not taxed. The population of a state or a city, then, 
according to the Constitution consists of the persons who are in the state or in the 
city. This doesnot help usmuch. What persons are “in the state”’ in the sense 
which these words are used in the Constitution? The earlier census acts use the 
term “number of inhabitants,” the marshals being instructed “to cause the 
number of inhabitants within their respective districts to be taken’’; and the oath 
which was prescribed for the assistant marshal required him to make an enumera- 
tion of “all persons resident”’ within the division. The term “census of popula- 
tion” rather curiously does not appear in any census act prior to that providing 
for the census of 1880. The law, however, has never supplied a definition of 
“population ”’ or of “inhabitant”’ or of “resident” or of “usual place of abode.” 

The instructions to enumerators in 1910, and again in 1920, defined the usual 
place of abode as being the place where a person “ may be said to live or belong or 
the place which is his home.” Perhaps it might be best defined as the place which 
a person would name in answer to the question ‘Where do you live?” It is not 
a question of legal or voting residence. 

Assuming provisionally that we have a fairly definite idea of what constitutes 
the usual abode and of what classes of people should be included in the population 
of any locality, the difficult practical question arises of how we shall manage to 
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enumerate the people at their usual places of abode when they are not there. The 
instructions to enumerators in the past have contained rather detailed directions 
as to what to do in those cases where an individual is absent from home on the 
date of the census, the general principle being that information regarding the 
absent member of the family should be supplied by other members of the family, 
so as to include him in the population of the locality where the family resides; and 
that he should not be included in the population of the locality where he might 
happen to be on the date of the census, unless it appears that there is no person at 
his home or usual place of abode who will give his name to the enumerator, in 
which case he must be enumerated in the place where he is. This is where the 
principle of enumeration at the usual place of abode does not work, and the de 
facto population supplants the de jure. 

While the instructions to the enumerators in prior censuses gave careful con- 
sideration to the case of the individual who is away from home, they paid little or 
no attention to the case in which the entire family is away from home. In former 
days absent families were perhaps not so very numerous, but at the present time 
they are coming to be altogether too common for the comfort of the Census Bu- 
reau. Very many farm families move into town or the city for the winter, and, of 
course, large numbers of families go to Florida or California or other resorts for a 
portion of the year from all parts of the United States. How shall we manage to 
enumerate these families at the place where they belong and not enumerate them 
at the place where they do not belong, so as to include them in the population of 
the former place and exclude them from the population of the latter? 

In 1920 some use was made of a so-called absent-family schedule. The idea 
was that the enumerator coming to a house that was closed and not being able to 
get the required information from the neighbors or other local sources was to 
arrange through the supervisor to have a schedule mailed to the address of the 
absent family with instructions to fill it out and return it to the supervisor. 

Another possible plan of procedure would be to enumerate all families in the 
places where they are, but to use a non-resident family schedule for families 
whose usual place of abode is somewhere else, which schedule would be filled out 
in the presence of the family, returned to the Census Bureau with the other 
schedules and there be allocated to the place in which the family belongs. This 
method of procedure would probably ensure a more complete enumeration with 
less danger of omissions and of duplications and a more accurate filling out of the 
schedules; but it would entail a vast amount of work for the Bureau in allocating 
the non-resident family schedules to the districts in which they belong and would 
delay the final announcements of population. 

If the census is taken in November this problem of the absent family may not 
be very serious, as that is a season when the population is very generally at home. 
But if it is taken in January, as the old law requires, there is reason to apprehend 
that there will be a large number of families absent from their usual places of 
abode when the census taker calls. 


J. A. H. 
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MISCELLANEOUS NOTES 


Meetings of the San Francisco Chapter.—The tenth dinner meeting of the San 
Francisco Chapter was held at the Bellevue Hotel, San Francisco, on Friday evening, 
January 25, 1929. Forty members and guests were present. 

The assembly was called to order by our President, Holbrook Working, of the Food 
Research Institute, Stanford University. Dr. Working introduced our National 
President, Dr. Edwin B. Wilson, of the Harvard School of Public Health. Dr. 
Wilson consented to act as chairman for the evening, and made many happy com- 
ments upon the speakers and talks which followed. 

Prior to the discussion of the general topic of averages, the proposed revision of the 
calendar was explained by Mr. C. L. Queen, of Lybrand, Ross Brothers, and Mont- 
gomery, who spoke on “ How Do You Tell What Day This Is?” 

The general topic of the meeting was “Fitting the Average to the Job.” The 
first speaker was Professor John B. Canning, of Stanford University, who spoke on 
“Statistical Theory as a Basis for Choice of an Average.” Professor Canning’s 
remarks are outlined in the following paragraphs. 

The scope within which selection is possible is limited only by our general notion 
of an average. The broader notions include any systematically determined repre- 
sentative value or any value that is convenient in the matter under investigation. 
The narrower notions restrict selection to a value “thoroughly representative” of 
the whole series or to a value expressing a “‘central tendency.”” The broader notion 
is the more convenient and the more accurately descriptive of practice, because 
a value lying at or near the maximum or minimum observed values may possess a 
greater critical importance in a given investigation than any value lying near the 
center of the range, and no reason can be assigned (or has been assigned) for exclud- 
ing values outside the range. 

The selection of an average includes the decision as to whether any average is 
significant at all for the matter under investigation. Any average may be a too crude 
simplification, for example, ‘‘expectation of life,’ “‘probable lifetime,” or ‘“ most 
probable lifetime”’ in computing life annuities, and in other fields, average tempera- 
ture, average rainfall, or average humidity. 

Assuming a range of possible choice and the appropriateness of some one or more 
averages, no basis of choice other than convenience suggests itself. ‘‘Convenience” 
includes two principal notions, (a) possibility of achieving a desired effectiveness, 
and (b) labor saving in process and in interpretation. Some but not all convenience 
arises out of the mathematical properties of the formulas of the several averages. 
For instance, in weighing an object with beam balances having arms of unequal length, 
one reverses the position of object and poises and takes the geometric mean of the 
two poise readings, but in weighing without respect to error in the scales one employs 
the arithmetic mean of many readings to find the most probable value for a single 
reading. When aggregate quantity in a standard container is significant, tolerance 
limits should be measured from the arithmetic mean; but if relative deviation is 
important, as in the case of the potency of a drug in a container, potency tolerance 
limits should be expressed as logarithmic differences from the logarithm of the stand- 
ard potency measure, i.e., the standard potency should be the geometric mean of the 
limits. The geometric mean has a bias if calculated from values of a continuous 
variable determined by measurements on an arithmetic scale. The location of a tool 
room in a shop and the tool room layout should have the property of the median, so 
that the aggregate travel distances to the tools should be aminimum. Some averages 
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are convenient as measures of dispersion (averages measured from an origin other 


than zero). 
Interrelations of certain averages are not yet satisfactorily investigated. Thus, 


it is commonly said of two positive values that their geometric mean equals the 
geometric mean of their arithmetic and harmonic means, but that this relation is not 
general to series of more than two terms. On the contrary it can be shown (a) that 
the two terms constitute but a special case of a much more general series of n terms, 
for if the logarithms of a series of n values can be formed into a frequency distribution 
that is symmetrical about the logarithm of the geometric mean of the series it can be 
shown that the relationship of the three means described above holds for this series; 
(b) that indefinitely many series of n terms other than those described above will 
satisfy the condition, for n—1 values can be chosen at random and solution be made 
for the several values of the nth term that will satisfy the relation; and (c) that if 
any series of n terms satisfies the relation, indefinitely many other series may be 
derived from it that also satisfy the relation. 

Selection of an average is not limited to a choice among previously defined aver- 
ages. Given the desired set of properties it is possible to invent formulas that pos- 
sess the properties. Witness the recent work of Fisher and others in index numbers. 

The last speaker was Robert W. Bachelor, of the Division of Analysis and Research 
of the Federal Reserve Bank of San Francisco. Mr. Bachelor spoke on ‘‘ Convenience 
and Simplicity as the Basis for the Choice of an Average.”” A summary of his remarks 
follows: 

Many volumes have been written about averages, but convenience and simplicity 
as a basis for choice have apparently not been considered. Discussions have centered 
around the theoretical differences between averages without giving a thought to the 
relative costs of calculation. The actual differences in results in a particular problem 
may be slight, but the difference in the expense of calculation may be great. 

The choice of an average depends almost entirely upon the problem athand. There 
are many kinds of averages and each has its place, but some are laborious to calculate 
and some are not easily understood by the consumer of statistics. An average may 
be regarded as a measuring instrument by means of which a series of items is judged 
and its characteristics ascertained. On the other hand, it may be a mere theoretical 
abstraction with very little meaning. 

An average represents something which is typical of the data, and in many cases 
we have to use several averages to describe the various characteristics of the series. 
We choose the form of average which will best bring out the relationships which we 
want toshow. In certain economic data, if we wish to study very long period fluctua- 
tions or cycles we may fit a straight line as an average of the series. If we are study- 
ing shorter period swings we will fit a curve which follows the data more closely, and if 
we wish to study seasonals we use an annual average or a twelve months moving aver- 
age. In many cases the average may be drawn in free hand, for preliminary studies. 

The standard deviation is important as a measure of the behavior of the series and 
should be used to supplement the other averages which describe the data. Weighted 
means, geometric, harmonic, and other averages which are expensive to calculate apd 
little understood by the average user of the results should be avoided except where 
absolutely necessary. 

Index numbers, whether of production, commodity prices, security prices, or other 
things, are merely averages which save the labor of the reader in examining all the 
original quotations. Certain index numbers of security and commodity prices must 
be available quickly. They are hurriedly put together without respect to the most 
proper methods of averaging, and reach the user to serve in his operations, while the 
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more scientifically constructed numbers, mathematically precise, are available only 
for use in historical analysis, due to the extended labor of calculation. 

Moving averages are important in smoothing a series to show the major movements 
and trends, free from the frequent accidental and erratic fluctuations. 

Averages are very important in the theory of probability and in the normal curve 
of error. In many cases the normal curve will serve to describe the series and may be 
far better than the original data for the solution of practical problems. If we deter- 
mine that the probabilities are that the normal curve gives a reasonably good fit, we 
may employ it to describe our distribution. 

On March 22 the San Francisco Chapter held its eleventh dinner meeting at the 
Bellevue Hotel, attended by an unusually large number. The guest speaker of the 
evening was Dr. Edwin B. Wilson, president of the American Statistical Association. 
His subject was “The Economic Value of Vital Statistics.” The meeting was very 
successful. It is hoped that the manuscript of Dr. Wilson’s address will be available 
for publication at a later date. 


Activities of the Chicago Chapter.—The Chicago Chapter held a meeting on Febru- 
ary 19 which was attended by nearly sixty people. Professor Edie of the University 
of Chicago was the speaker. 

Professor Edie believes that London essentially is still the financial capital of the 
world. Directors of the Bank of England have a keen knowledge of international 
affairs and do not allow local conditions to obscure their understanding of world 
developments. The contrast between the depth of vision of American and English 
bankers is illustrated by their respective explanations of the 12 per cent decline in 
prices during the period 1925 to 1927. 

American bankers were characteristically provincial, limiting their explanation to 
conditions within the United States. They regarded the decline in prices as merely 
the result of the country’s increased industrial efficiency—an explanation which was 
shortly proved inaccurate by the subsequent rise in prices. American bankers 
apparently were not aware of the economic law which causes the price levels of all 
countries under the gold standard to move together. 

English bankers viewed the price decline from an international angle and came to 
the conclusion that it was the result of a temporary credit stringency caused by the 
return of European nations to the gold standard. They recognized that the increased 
gold reserves required by the return to the gold standard caused money rates through- 
out the world to increase and consequently caused prices to decline. 

The international-mindedness of the directors of the Bank of England is further 
illustrated by the responsibility which they feel in stabilizing world prices. The 
officials of the Bank of England have turned a deaf ear upon the repeated pleas of 
English industries that.an easy money policy be established at home to aid in bringing 
business out of its depressed state because they believe that such a policy would not 
be in harmony with their more important function of stabilizing prices. 

There is a general feeling in England that the United States does not take its re- 
sponsibility as custodian of the largest gold reserves in the world seriously enough, 
and that it will use its financial power to further its own ends at the expense of other 
nations. In particular, English bankers fear that the United States, instead of de- 
vising a means of curbing speculation which will not disturb the rest of the world, will 
attack the stock market by raising its rediscount rate. Such a step, of course, would 
cause a decline in the price level of the world and, in the opinion of the English bank- 
ers, would prove that the United States was not qualified to control the huge amount 
of gold which it has acquired. 
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Professor Edie believes that there is apt to be a gold shortage during the next 
decade because many European countries, desiring more gold as a preparation for 
war, as @ means of increasing public confidence in their currencies, and as a method of 
building up their prestige as financial centers, have begun to hoard the yellow metal. 
A development which is worrying English bankers particularly is the desire of France 
to put gold coin back into circulation. In order to do this France will have to with- 
draw her huge balances in London and in New York. If these withdrawals are made, 
the gold reserves in both London and New York will be seriously impaired, money 
rates will rise, and the world price level consequently will decline. 

In an effort to thwart this plan, England has persuaded the League of Nations to 
make a study of world gold supplies. English bankers expect that this study will 
reveal the need of conserving gold and hope that public opinion will then force France 
to abandon her plan. Unless this report is completed in the near future, however, it 
may be too late to secure the desired results, because France already has begun to 
mint gold coins. 

A decline in the price level of as much as 10 per cent, of course, would seriously 
disturb conditions throughout the world, because in effect it would add 10 per cent 
to all loans contracted before the reduction in prices occurred. Consequently, 
English bankers are of the opinion that if the price level actually declines, England 
will have to repudiate a substantial part of her war debt to the United States. 

On March 28 another meeting of the chapter was held with an attendance of about 
thirty persons, who were greatly interested in a talk by Professor William F. Ogburn 
on “Some Statistics of the Modern Family.” The basis of Professor Ogburn’s paper 
was the analysis of Census results and the conclusions to be drawn from them. The 
particular topics dealt with were the relation of income to marriage, the influences of 
city life upon marriage, a comparison of rural and urban rates of divorce, and other 
factors affecting the modern family. The meeting was presided over by Professor 
Ernest W. Mowrer, of Northwestern University. 





The Annual Meeting of the Boston Chapter.—The second annual meeting of the 
Boston Chapter was held at the Boston City Club on April 12 and was attended by 
forty-one members and guests. Dinner was served at 6.30 p.m. At the business 
meeting, the following were elected as officers for the ensuing year: 


President: Charles F. Gettemy, assistant Federal Reserve Agent, Boston Federal 
Reserve Bank 

Vice-President: Kenneth B. Emerson, statistician, United Shoe Machinery Com- 
pany, Boston 

Secretary-Treasurer: Roswell F. Phelps, director, Division of Statistics, Massa- 
chusetts Department of Labor and Industries, Boston 

Counsellors: Joseph B. Hubbard, editor, Weekly Letters, Harvard Economic 
Society, Cambridge, Massachusetts; Hermann F. Arendtz, United Business 
Service, Boston 


Following the business meeting there was a speaking session at which Mr. Charles 
F. Gettemy presided. The general subject for consideration by the four speakers 
was “The Regularization of Industry.” 

The Honorable Ralph O. Brewster, formerly governor of Maine, who had recently 
been in conference with President Hoover, discussed ‘‘The National Plan for Regu- 
larizing Industry,” and stated that the establishment of national and state agencies 
for securing authentic data relative to industrial trends is the first major step in any 
program that offers a sound and permanent solution of the problem. 
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Dr. William T. Foster, director of the Pollock Foundation for Economic Research 
and co-author of The Road to Plenty, spoke on the subject “Stabilization of Employ- 
ment,” and in connection therewith discussed the recent action of the Federal Reserve 
Board in its attempt to regulate speculation. Dr. Foster expressed his opinion that 
any plan to stabilize employment could not be successful if it were not in accord with 
the policy of the Federal Reserve Board. 

Mr. J. A. Garvey, personnel manager of the Dennison Manufacturing Company, 
spoke with reference to the several measures adopted by that company in its endeavor 
to stabilize employment in its own plant, through the reduction of seasonal orders, 
increase in the proportion of non-seasonal orders, advance planning for the production 
of holiday and other stock items, the building up of “‘out-of-season”’ items, and the 
distribution of long-time orders and out-of-season items throughout the year. Asa 
result of such measures, the unemployment fund established by the company has been 
more than adequate to meet requirements, even during periods of general industrial 
depression. 

Mr. Charles P. Howard, chairman of the Massachusetts Commission on Adminis- 
tration and Finance, in discussing “‘ The Building Construction Program of the Com- 
monwealth,” stated that in planning for the construction of buildings, highways, and 
other public works for the Commonwealth, not of an emergency nature, it was found 
possible, in some instances, to defer the placing of contracts, not only so as to secure 
more favorable terms, but also to offset, in some measure, depression in the building 
trades. 


Activities of the Detroit Chapter.—The Detroit Chapter has held two successful 
meetings since the first of the year. The first, held on January 16, with Professor 
Clare E. Griffin as chairman, had for its general subject ‘‘ Business Conditions in 1919.” 
Mr. John F. Scoville, statistician of Chrysler Motors, in making his predictions for 
this year, took occasion to refer to several of his painstaking studies of the automobile 
market, demonstrating his findings with lantern slides. The money and security 
markets were covered by Mr. Albert J. Hettinger, Jr., whose analysis of future condi- 
tions was most informative and stimulating. Finally, Colonel Leonard P. Ayres, well 
known to members of the Association, summed up business conditions generally in 
his usual masterful fashion. There was a record-breaking attendance of 116 as a 
compliment to Colonel Ayres. 

The second meeting of the year was held on March 13, with a more normal attend- 
ance of 26. It turned out to be University of Michigan night, for both speakers 
were of the faculty of its School of Business Administration. Professor Carl N. 
Schmalz spoke interestingly of his recently published report, Standards of Perform- 
ance in Department Stores, and Professor Clare E. Griffin reviewed comprehensively 
his monograph on Sales Quotas. 


Activities of the Pittsburgh Chapter.—On the evening of January 22, the Pittsburgh 
Chapter of the American Statistical Association held a dinner meeting at the 
Faculty Club of the University of Pittsburgh. The speaker was Mr. Thomas 38. 
Holden, of the F. W. Dodge Corporation. Despite unpleasant weather, the meeting 
was very successful, but the weather conditions limited the attendance to twenty. 
Mr. Holden spoke of conditions in the construction industry during the last five years 
and estimated prospects for 1929. He related construction indexes to barometers of 
business conditions in other fields and illustrated with the measures used by the F. W. 
Dodge Corporation. He illustrated the need of employing both statistical measure- 
ments and economic judgments by showing what errors in estimates might have been 
made in recent years by employing either exclusively. 
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On March 25, fifteen members of the Association attended a meeting at which Dr. 
0. C. Stine, in charge of the Division of Statistical and Historical Research, Bureau of 
Agricultural Economics, led a discussion regarding the significance of agricultural 
prices in the interpretation and forecasting of agricultural problems. He referred in 
part to the particular problems of western Pennsylvania, Ohio, and West Virginia. 


Meeting of the Austin Chapter.—Twenty-four members and guests attended the 
meeting of the Austin Chapter on March 13. Dr. W. J. Reilly, marketing specialist 
in the University of Texas Bureau of Business Research, presented the results of his 
studies on ‘‘A Method for Interpreting the Reliability and Accuracy of Small 
Samples,” a method worked out by Dr. Reilly in connection with the analysis of 
questionnaires secured in market studies conducted by the Proctor and Gamble Com- 
pany under his supervision. By breaking up the samples into groups of ten and 
calculating certain statistical measures for sequences consisting of successive groups 
of five consecutive blocks, significant changes in the data from which the sample is 
drawn will be revealed by variations in the statistical measures calculated. The 
discussion of the method was led by Dr. L. A. Jeffress. 


Meeting of the Los Angeles Chapter.—The Los Angeles Chapter met on the eve- 
ning of March 27, 1929, and elected the following officers for the remainder of the 
current year: 

President: Arnold T. Anderson, the Security-First National Bank 

Vice-President: J. V. Carson, the Title Insurance and Trust Company 

Secretary: Ira N. Frisbee, University of California at Los Angeles 

Treasurer: Harold E. Craig, the Security-First National Bank 

Editor: George J. Eberle, Eberle Economic Service 

Counsellors: Fred Knowles, Los Angeles Police Department; George G. Ellis, 

Bank of America 


A paper was presented by Mr. Harold E. Craig on “The Nature and Purpose of 
the Monthly Business Review.” 


United States Bureau of Labor Statistics —During the past quarter the Bureau of 
Labor Statistics began field work on wage investigations of bituminous coal and oil 
wells and pipe lines. Preliminary results will be published in the Monthly Labor 
Review, and the full report will be later issued in bulletin form. 

An investigation of the hazards of spray painting, with special reference to the 
existing practices of protection and prevention in establishments using spray painting 
methods, has been completed and the results published in the Monthly Labor Review. 
Asimilar study of the use of radium and radioactive substances in industrial processes 
is also almost ready for publication. 

A handbook of Labor Statistics for 1929, summarizing all the publications of the 
Bureau for 1927 and 1928, has been compiled and is now in press. This handbook is 
similar in form to the one issued in 1927. 

A wage history of the United States is now being compiled by the Bureau. This 
volume will present for certain representative industries and occupations the course 
of money wages from the earliest Colonial records to the present time. The data 
from 1840 are derived entirely from the Bureau’s own investigations, the published 
results of which have in many cases been long out of print. 


Activities of the Bureau of Agricultural Economics.—A new section to develop work 
on tobacco has been established in the Bureau. This new section has been made 
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possible by the passage of The Tobacco Stocks and Standards Act, on January 14, 
1929, which authorizes and directs the Secretary of Agriculture to compile and publish 
quarterly reports of the stocks of leaf tobacco in the United States in the possession 
of manufacturers, warehousemen, brokers, etc. The Act also authorizes the Secretary 
to establish the classification to be used in reporting leaf tobacco stocks. An appro- 
priation of $30,000 was made in the first deficiency bill, passed March 4, to administer 
the Tobacco Stocks and Standards Act until June 30, 1930. Later expansion of the 
activities of the Tobacco Section to include a rather broad program of statistical and 
economic research is contemplated. The new section will be in charge of Chas. E. 
Gage, who will be assisted by F. B. Wilkinson and J. V. Morrow. 

The Agricultural Appropriation Bill for the next fiscal year also makes available 
$20,000 for inspection work on tobacco similar to that now conducted on fruits and 
vegetables, hay, butter, eggs, meat, etc. Plans for the development of the tobacco 
inspection service have not yet been made, but in all probability this work will be 
developed as far as practicable in coéperation with state agencies. 

The Bureau and the New Jersey Agricultural Experiment Station are coéperating 
in a study of the consumption of dairy products in northern New Jersey. The study 
consists of two parts: (1) a complete census or enumeration of the consumption and 
production of dairy products in six selected townships containing small towns or 
villages, as well as rural areas, by individual families and producers; (2) a sampling 
study of the consumption by 2,000 individual families selected by type in metropolitan 
New Jersey. Data on factors related to the consumption of dairy products, such as 
composition of family, location, income, occupation, and race or nationality, are also 
obtained. 

There has just come from the press United States Department of Agriculture Statisti- 
cal Bulletin No. 25, Dairy Statistics. There has recently been issued a report, United 
States Agricultural Trade with the Philippines. 


Revision of Indexes of Employment and Payrolls of the Federal Reserve Board.— 
The Federal Reserve Board’s indexes of employment and payrolls are now in process 
of revision. The revised indexes include data for a larger number of industries than 
those now published by the Board and are being computed on a 1923-25 base with 
weights based ou figures from the census of manufactures for 1923 and 1925, adjusted 
to allow for 1924. Asin the Board’s present index, index numbers of employment and 
payrolls in individual industries are adjusted to the relative level indicated by the 
census of manufactures. 


Criminological Statistics.—The Editor is in receipt of a Guide for Preparing Annual 
Police Reports, published by the Committee on Uniform Crime Records, Interna- 
tional Association of Chiefs of Police. It has been sent to police departments in 
the expectation that it will be of timely aid in preparing annual reports for 1928. The 
final report of the committee, dealing with forms and procedure for compiling crime 
records, will appear at a later date. Copies may be secured from Bruce Smith, 
Director, Committee on Uniform Crime Records, 261 Broadway, New York City. 


The German Insurance Science Society—The German Society for Insurance 
Science held its annual meeting on April 10, 1929, at its headquarters, Landshuter 
Strasse 26, Berlin, Germany. 

Dr. Hanns Dorn, of the Technical University of Munich, is the president of the 
Society and Dr. Alfred Manes, honorary professor of Insurance and director of the 
Insurance Institute at the Technical University of Berlin, is the general managet. 





91] 


The 
met 
Soc 
Am 
Pro 
of L 
of t 
Soci 

It 


gray 


N 
Cou 
scriy 
year 
Unit 
of C 
The 
follo 
by t 
in in 
hom 
fall, 
accid 
the s 
com! 
mach 
corro 
ete, 
killec 
who 
need 
vehic 
sidew 
arms, 
side ¢ 
regist 

Wh 
result 
ment 
was d 
Safet, 
Assoc 

The 
the St 
Ilinoi 


SS 
an 
th 
ed 
nd 
he 





91] Reviews 199 


The Society is organized in four sections: Insurance law and economics; Actuarial 
methods; Insurance medicine; and Insurance education. At the close of 1928, the 
Society had 452 corporate members and 1,228 individual! members. A number of 
American insurance companies are corporate members. Mr. N. Albert Linton, of the 
Provident Mutual Life Insurance Company, Philadelphia, is a member of the Board 
of Directors of the Society, and Mr. E. W. Kopf, of the Metropolitan Life, is a member 
of the Executive Committee of the Insurance Law and Economics Section. The 
Society’s foreign membership embraces 38 countries. 

In addition to its quarterly Journal, the Society also publishes individual mono- 
graphs and a supplement on actuarial and statistical mathematics. 


National Safety Council Form for Study of Fatal Accidents.—The National Safety 
Council has prepared a form for use in state bureaus of Vital Statistics for the de- 
scription of the more than ninety thousand deaths which occur from accidents each 
year in the United States. At the present time, statistics for fatal accidents in the 
United States are presented each year only under the titles of the International List 
of Causes of Death, and these give information chiefly on the means of accident. 
The new form drafted by the Safety Council will enable state registrars to secure the 
following additional facts: the results of the accident, number of dependents left 
by the deceased and the class or kind of accident, whether it occurred in the home, 
in industry, as the result of a vehicular accident, or from other public hazards. For 
home accidents, the means of injury are specified, whether the accident was due to a 
fall, to burns and scalds, asphyxiation, poisoning, or cuts or scratches. For industrial 
accidents, practically the same information will be gathered for fatalities reported to 
the state bureaus of vital statistics as are now collected by workmen’s compensation 
commissions. It is proposed to show the number of industrial accidents involving 
machinery, vehicles, explosions, electricity, fires and hot substances, poisonous and 
corrosive substances, falling objects, the handling of objects and the use of hand tools, 
ete. For vehicular accidents it is purposed to collect facts as to whether the person 
killed was the pedestrian or driver, whether the accident was the result of a collision, 
who drove the vehicle, the age and sex of the driver, and other important information 
needed for accident prevention purposes. For public accidents not involving a 
vehicle, the statistics will attempt to show whether death resulted from a street or a 
sidewalk accident, in buildings or structures, by drowning, through the use of fire- 
arms, and through other public accidents not involving a vehicle. On the reverse 
side of the form a schedule of definitions is given which will guide local and state 
registrars in the classification of accidents. 

When this system goes into full effect in each of the states, it is hoped that the 
resulting statistics will provide the basis for a broad-gauge accident prevention move- 
ment directed at accidents in the home, in industry, and on our streets. The form 
was drafted by a joint committee representing the Statistics Section of the National 
Safety Council and the Section on Vital Statistics of the American Public Health 
Association. 

The form should be of interest to insurance men, and copies may be obtained from 
- Statistical Division of the National Safety Council, 108 East Ohio Street, Chicago, 

inois. 
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PERSONAL NOTES 
Allyn Abbott Young 


No heavier loss could have fallen upon American statisticians and economists than 
the untimely death of Allyn Young. He was a leader in both groups and both ex- 
pected great things from him in the decade to come. For long years he had given all 
too generously of his time to fellow workers. At last he was seeking to concentrate 
upon the intricate problems which intrigued his own mind most, and with which he 
seemed ideally equipped to deal. At the height of his powers, and at the outset of 
what should have been his harvest season, he died suddenly. 

Young was born at Kenton, Ohio, in 1876. His father, Sutton E. Young, had the 
gift of public speaking, and took a leading part in the free-silver agitation of the middle 
1890’s. The boy must have been precocious, for he graduated from Hiram College 
at eighteen. He was also versatile: he became a printer and an organist, earning 
money with which to do graduate work at Wisconsin. In the fall of 1899 he was sent 
by Professor Ely to the Section of Analysis and Research over which Walter F. Will- 
cox presided during the Twelfth Census—a group including Joseph A. Hill from Har- 
vard, Thomas 8. Adams from Johns Hopkins, David L. Wing from the Massachusetts 
Institute of Technology, Robert R. Kuczynski from Munich, and perhaps half a dozen 
others, myself amongthem. Young charmed all of us, as he charmed men throughout 
his life. And he won his spurs by an admirable study of ‘‘The Comparative Accuracy 
of Different Forms of Quinquennial Age Groups,” printed in Volume VII of this 
JOURNAL. 

Returning to Wisconsin after about a year in Washington, Young took his doctor's 
degree in 1902 and began his work as a teacher of economics. Presently he passed on 
to Western Reserve University and then to Dartmouth College. In 1906-11 he was 
head of his department at Stanford, with Thorstein Veblen, H. A. Millis, and A. C. 
Whittaker as leading colleagues. He next taught at Washington University, St. 
Louis, for two years, and in 1913 began a seven-year term at Cornell. 

If all this moving about interfered somewhat with Young’s researches, it brought an 
uncommonly wide range of contacts with his fellow workers, fitting him admirably 
for the self-sacrificing service he rendered as secretary-treasurer of the Americat 
Economic Association in 1914-20. In 1917 he was elected president of the Statistical 
Association. Appropriaiely to the times, his presidential address dealt with ‘‘Na- 
tional Statistics in War and Peace” (Volume XVI of this JouRNAL). The war theme 
was much in his mind, then and later. For Young had been one of the first to join in 
the work of economic mobilization and he remained one of the most persevering in 
striving for a better international understanding after the armistice. He served the 
War Trade Board as Director of Research in 1917-18, and the American Commission 
to Negotiate Peace as chief of the Division of Economics and Statistics in 1918-19. 
While president of the Economic Association in 1925, he delivered an address on 
‘Economics and War ”’; he helped his friend Jeremiah Smith as economic counsellor 00 
Hungarian problems; he was one of those interested in the Council on Foreign Rela- 
tions, and to the end he gave keen attention to the processes of world readjustment. 

Resuming university work after the Peace Conference in Paris, Young was called to 
Harvard in 1920. There he taught some seven years, making each year a deeper im- 
pression upon his colleagues and his students. When an American was thought of in 
1927 to take the chair which Edwin Cannan had distinguished at the London School 
of Economics, all his fellow workers felt that the honor was rightly conferred upot 
Young. In England as at home, he won men’s hearts and commanded their 


admiration. 
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For economic investigation Young was remarkably endowed. He united in rare 
measure mathematical powers, historical learning, and philosophical grasp. Indeed, 
his versatility was an ever-lurking temptation to disperse his attention. Many were 
the colleagues and the students who sought his critical and his constructive advice. 
Because his range was so wide and his insight so quick, as well as because he loved 
to help others, Young found it difficult to say ‘“‘No.’”’ Few American economists 
of his generation are represented in so many books which bear other men’s names. 
And Young’s prefaces written to help others get a hearing would make a slender vol- 
ume. His occasional papers, partly collected in the book which he published in 1927, 
Economic Problems New and Old, are further testimony to the catholicity of his inter- 
ests and the stretch of his powers. They range from highly technical essays on index 
numbers to close critiques of economic concepts and the weighing of practical issues. 
Besides this volume we have the penetrating Analysis of Banking Statistics, reprint- 
ed from the Review of Economic Statistics. All of us value his published work 
highly, for though slender in bulk, it is of rare quality. But Young was not satisfied. 
He felt, and felt with increasing intensity as the years went by, that he must carry 
through the larger projects—particularly a systematic study of monetary problems— 
on which he had long been working. Those who saw fragments of the investigation 
could not but sympathize with his longing for time to finish what he sketched. He 
had begun to cut some of the bonds which tied him to miscellaneous tasks when the 
quick end came. 

W. C. M. 


William Horace Davis 


Dr. William H. Davis, chief statistician for Vital Statistics, Bureau of the Census, 
died in Washington, D. C., January 8, 1929. He was born in Holyoke, Massachusetts, 
July 21, 1871, was a student at Amherst 1889-90, and was graduated from Harvard 
College in 1893 and from the Harvard Medical School in 1887. He studied in Vienna 
in 1899. 

He was surgical house officer of the Massachusetts General Hospital in 1898, prac- 
ticed medicine in Boston from 1900 to 1916, and from 1908 to 1916 had charge of vital 
statistics for the Boston Health Department. On September 16, 1916, he was ap- 
pointed chief statistician for the Bureau of the Census. 

Dr. Davis in virtue of his work and position had come to be recognized as one of the 
foremost vital statisticians for this country. In 1917 he represented the government 
at a conference in Ottawa, when the Canadian officials invited him to give expert 
advice on registration problems. In 1920 he served as a representative of the Bureau at 
the International Conference in Paris which revised the International List of Causes 
of Death. In 1925, on invitation from the League of Nations, he joined a tour of 
medical statisticians from fourteen countries and visited the registration offices of 
seven European countries. In 1926 he was appointed by the International Statistical 
Institute (of which he was a member) to serve on a commission to revise the Interna- 
tional List of Causes of Death in 1929. 

In 1927 Dr. Davis again went abroad to bring about greater uniformity in the com- 
pilation of vital statistics in the several countries. This was under the auspices of 
the Health Section of the League of Nations. 

Dr. Davis was a tireless and an ardent worker in the field of vital statistics. He 
effected many improvements in the Vital Statistics reports of the Bureau of the Census 
and was especially zealous in his efforts to extend the death and birth registration so 
88 to cover the entire area of the United States—an ambition which had been all but 
realized at the time of his death. He contributed many articles on vital statistics to 
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health bulletins and medical journals. His great activity in public health circles made 
the Division of Vital Statistics and its work of great interest to the country as a whole, 
and the Bureau of the Census has suffered a great loss in his death. 

He was married to Miss Mabel A. C. Johnson of Milton, Vermont, on December 3, 


1898. His widow and six children survive him. 
J. A. 8. 


William Chamberlain Hunt 


William C. Hunt, retired chief statistician for Population in the Bureau of the Cen- 
sus, died in Washington, D. C., on March 5, 1929. He had been in ill health for sev- 
eral years and had retired from the Census Bureau in June, 1925. 

Mr. Hunt was born in Charlestown, Massachusetts, on December 20, 1856, the son 
of Samuel C. and Sarah K. Hunt. He was graduated from the Charlestown High 
Schocl in 1875. He was connected with the Massachusetts state censuses of 1875 
and 1885, and with the Massachusetts Bureau of Labor from 1883 to 1889. His con- 
nection with the United States Census dates from the year 1889. He was made 
chief statistician for Popula*ion in 1899. He had charge of the population censuses of 
1890, 1900, 1910, and 1920; of the marriage and divorce inquiry of 1906; of the census 
of religious bodies taken in 1906 and again in 1916; of the special Oklahoma State 
Census of 1907; and of the New York State Census of 1905. 

He wrote many of the census reports on population and other subjects. In collab- 
oration with Carroll D. Wright he prepared the volume on History and Growth of the 
United States Census, published by the Department of Labor in 1900. 

In 1921 he married Miss Caroline Arledge of Washington, D. C. His widow and 
two children by a former marriage, a son, William H. Hunt, and a daughter, Mrs. 
Arthur G. Hill, survive him. 

J. A. H. 
John B. Mitchell 


John B. Mitchell, chief of the division of Vital Statistics in the Bureau of the Cen- 
sus, died on January 23, 1929, after a long and lingering illness. Mr. Mitchell entered 
the service of the Bureau as a clerk in 1900 and was advanced through various stages 
until he was appointed chief of the division in 1918, which position he held until his 


death. 
J. A. H. 


Martin J. Shugrue 


Professor Martin J. Shugrue, thirty-nine years old, of the Department of Economics 
at the Massachusetts Institute of Technology, died in Brookline, Massachusetts, on 
April 4. He was a graduate of the University of Michigan. He came to the Massa- 
chusetts Institute of Technology in 1914. He was a member of the American Eco- 
nomic Association and the American Statistical Association and was joint author with 
Professor Davis R. Dewey of a work entitled Banking in the United States. 


Mr. Carl Snyder was the guest of the faculty of Economics and Commerce and 
Administration of the University of Chicago at dinner on April 12. He led a dis- 
cussion of the present financial] and business situation in the United States, with 
particular reference to economic policies. 

Dr. Horace Secrist has been granted an additional year’s leave from Northwestern 
University to complete the research work he is doing for the special commission 02 
Economics of Claremont Colleges in conjunction with Professor Frank A. Fetter and 
Dr. Keith Powlison. 
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Dr. T. F. Murphy, on February 5, 1929, was promoted to the position of chief 
statistician for Vital Statistics, filling the vacancy created by the death of Dr. William 
H. Davis. He was born on December 5, 1875, in Lewiston, Maine. He attended 
Bowdoin College and the Maine Medical School, and received the degree of M.D. 
from George Washington University in 1906. He was early connected with the 
Manufactures Division of the Bureau of the Census and with the Taft Tariff Board. 
Subsequently he became chief of division of Vital Statistics of the Census Bureau, 
assistant chief clerk, and has been in charge of the collection and compilation of cur- 
rent business statistics. Later, he was given supervision of the decennial Census of 
Religious Bodies, and in 1928 was again made chief of division of Vital Statistics. 

Dr. John H. Cover has accepted an appointment at the University of Chicago, leav- 
ing his former post at the University of Pittsburgh. 

Mr. F. E. Richter, formerly of the American Telephone and Telegraph Company, 
has accepted a position with W. H. Goadby and Company. 

Dr. Hugh Carter, of the University of Pennsylvania, has been on leave this year 
making a study of public poor relief in Pennsylvania since 1875. His results are to be 
published this spring. The study is under the general direction of Mr. Ralph G. 
Hurlin, of the Russell Sage Foundation, and is financed by the Commonwealth Fund 
and the Public Charities Association of Pennsylvania. Dr. Carter will be on leave 
again next year. He will be occupied with research with the Committee on the Cost 
of Medical Care. Mr. Harry H. Moore is the director of this Committee. 

Mr. Richard B. Mayer has been made assistant to the General Manager of the 
American Radiator Company. 

Mr. Gerald B. Thorne, formerly of the University of Missouri, has been appointed 
associate agricultural economist in the Bureau of Agricultural Economics to assist in 
the price anlaysis and outlook work of the Bureau. 


MEMBERS ADDED SINCE MARCH 1929 


Albert, Charles F., de Saint-Phalle and Company, 11 Wall Street, New York City 

Alexander, Harry W., 420 Lexington Avenue, New York City 

Allen, Albert P., Illinois Bell Telephone Company, 212 West Washington Street, 
Chicago, Ill. 

Allen, William S., H. K. McCann Company, 285 Madison Avenue, New York City 

Banks, H. S., 241 East Mosholu Parkway, New York City 

Barton, Lydia, The Vaness Company, 3700 Terminal Tower, Cleveland, Ohio 

Bauhan, Mrs. George L. T., Welfare Council, 151 Fifth Avenue, New York City 

Baumgartner, Rudolph, A. Iselin and Company, 36 Wall Street, New York City 

Bell, Edward J., Jr., Department of Agricultural Economics, University of Wisconsin, 
Madison, Wis. 

Benson, Edward G., Bond Department, National Park Bank, 214 Broadway, New 
York City 

Beyleveld, A. J., Division of Agricultural Economics, Union Buildings, Pretoria, 
South Africa 

Black, Stanley R., American Alliance Management Company of New York, Inc., 
135 William Street, New York City 

Bliss, Chester I., United States Department of Agriculture, 2224 Gentilly Road, 
New Orleans, La. 

Bradley, James E., International Telephone and Telegraph Company, 67 Broad 
Street, New York City 
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Bragman, Charles, New York University, New York City 
Breaznell, Eugene, National City Bank of New York, 55 Wall Street, New York City 
Bredin, James H., Columbia University, New York City 
Bristol, Lillian R., Index Number Institute, 349 Elm Street, New Haven, Conn. 
Brittain, Alfred C., United States Department of Agriculture, Des Moines, Iowa 
Brown, Maurice S., University of Michigan, Ann Arbor, Mich. 
Butler, Albert, School of Commerce, University of Denver, Denver, Colo. 
Callison, I. P., Wholesale Dealer in Crude Drugs, Union, Washington. 
Campbell, W. W., General Electric Company, 530 Hanna Building, Cleveland, Ohio 
Chalmers, Floyd 8., Managing Editor, The Financial Post, Toronto, Canada 
Chapman, John W., John Nickerson and Company, Inc., 61 Broadway, New York 
City 
Cheney, Harriet M., Bureau of the Census, Washington, D. C. 
Cocheu, Lincoln C., Jr., University of Michigan, Ann Arbor, Mich. 
Cohen, Miriam F., Jewish Social Service Association, 71 West 47th Street, New York 
City 
Connors, Myles F., L. F. Rothschild and Company, 120 Broadway, New York City 
Corcoran, William M., 165 Broadway, New York City 
Cowden, Dudley J., Department of Economics, Lafayette College, Easton, Pa. 
Cullum, James B., Jr., J. H. Holmes and Company, Union Bank Building, Pittsburgh, 
Pa. 
DeBard, August A., Jr., Chase National Bank, 20 Pine Street, New York City 
Demond, Helen F., Department of Economics and Sociology, Mount Holyoke College, 
South Hadley, Mass. 
Dunlap, Jack W., Territorial Normal and Training School, Honolulu, Hawaii 
Epifanovich, Peter S., Apt. 10, 195 Claremont Avenue, New York City 
Evans, Graham, Daniels and Fishers Stores Company, Denver, Colo. 
Farra, Kathryn, Welfare Council, 151 Fifth Avenue, New York City 
Farrington, Margaret, Department of Economic Research, H. L. Doherty and Com- 
pany, 60 Wall Street, New York City 
Friedman, Lloyd K., Department of Mathematics, University of Michigan, Ann 
Arbor, Mich. 
Gaumnitz, Erwin A., Truman Furniture Company, 2600 Delaware Street, S. E., 
Minneapolis, Minn. 
Ginsberg, William X., 179 Myrtle Avenue, Jersey City, N. J. 
Goebel, Erwin J., Chicago, Duluth and Georgian Bay Transit Company, 110 West 
Adams Street, Chicago, IIl. 
Grogan, John A., The Equitable Trust Company, 11 Broad Street, New York City 
Hageman, Howard'C., J. Henry Schroder Banking Corporation, 46 William Street, 
New York City 
Hatton, Richard D., 714 Michigan Theater Building, Detroit, Mich. 
Hawley, J. M., Jr., 2130 Paradise Street, Vernon, Texas 
Haynes, Leo C., Bureau of Business Research, University of Texas, Austin, Texas 
Hemala, Rudolph W., Western Electric Company, 195 Broadway, New York City 
Herring, John P., 108 East 17th Street, New York City 
Hill, Daniel L., University of Michigan, Ann Arbor, Mich. 
Hillebrand, Henry, Metropolitan Life Insurance Company, 1 Madison Avenue, New 
York City 
Hinrichs, A. Ford, Director, Bureau of Business Research, Brown University, Prov- 
dence, R. I. 
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Humphries, Roger N., Market Research Department, Procter and Gamble Company, 
320 Gwynne Building, Cincinnati, Ohio 
Hutcheson, Mrs. Nancy M., Reports Department, Federal Reserve Bank, 33 Liberty 
Street, New York City 
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REVIEWS 


Statistical Laws of Demand and Supply, by Henry Schultz. Chicago: University 
of Chicago Press. 1928. 228 pp. 


This book deserves careful study by both economists and statisticians, for it 
makes an interesting statistical approach to an important economic problem. 
The problem is that of finding for a given commodity the laws of demand and 
supply, and hence the elasticities of demand and supply, and the solution involves 
the ingenious application of correlation, curve fitting, and other statistical 
devices to price, consumption, and output data for sugar, the commodity chosen 
to illustrate the method. 

The first and fourth chapters have to do with the theoretical considerations 
relating to the problem, those relating to demand in Chapter I and those relating 
to supply in Chapter IV. The nature of neo-classical, mathematical, and sta- 
tistical demand and supply curves is discussed, and the meaning to be attached 
to the terms “‘elasticity of demand” and “elasticity of supply”’ is explained. 
Considerable space is devoted to the distinction between arc elasticity and point 
elasticity, and it is shown how the difficulties arising from the use of percentages 
in determining elasticity may in some cases be removed by the use of logarithms. 
Careful consideration is given to the opinions of other students of the subject— 
Cournot, Marshall, Moore, Davenport, Wicksteed, Auspitz, Lieben, and others— 
and to the different types of demand and supply curves which these authorities 
have set forth and discussed. In fact, if the book were useful for no other 
purpose, it would be valuable as a compendium of information setting forth 
what has been achieved in advancing our knowledge of the subject treated, up to 
the time the book was written. Finally, it is shown that the demand curve 
(or the supply curve) may be written in the form of an equation 2 =F (2,1, 22, 23 

. tn, t) in which 2 and z; are, respectively, the price and consumption (or 
output) of the commodity for which the elasticity of demand (or supply) is 
sought, 22, 2s, . . . Zn, the prices of other commodities, and ¢ stands for time. 
If by some method, say, by partial correlation, the influence of the factors 22, 
23... 2, and ¢ could be eliminated, we should have left the data in such form 
as to show the changes in consumption or output corresponding with a change in 
price, and hence obtain the elasticity of demand or supply. 

In Chapters II and III the “law of demand” for sugar, as expressed by a 
statistical demand curve, is discovered, and from it is computed the elasticity of 
demand. The results obtained by several independent methods harmonize well, 
all approximating » (the elasticity of demand) =—0.5. Chapter V attempts 
for supply what Chapters II and III attempt for demand. The difficulties 
encountered, however, are much greater, and several values of e (the elasticity 
of supply) are found, depending on the data selected. For example, the elas- 
ticity of domestic supply is found to be somewhere between e = +0.62 and e 
= +0.95, while the elasticity of world supply is found to be e = +0.57. 
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In Chapter VI application is made of the results of the preceding chapters to 
the problem of computing the effects of a duty on the price, imports, domestic 
production, and domestic consumption of the taxed article. To this end use is 
made of the formula, 


1 
=T 
a f €a0a — Nala 
| oa 
€f0¢ —ngCf 


in which AP is the increase in domestic price; T;, the duty; e, elasticity of supply; 
n, elasticity of demand; and d and f, “domestic” and “‘foreign’”’ respectively. 

As has just been noted, Dr. Schultz in his theoretic discussion suggested that 
the demand and supply curves might be derived from manipulation of the data 
by aid of the formula xz) F (x, 22, 23, . . . Yn, t), and devotes several pages 
(168-186) to an attack on the problem by applying to this formula the methods 
of partial and multiple correlation. Chief attention, however, is given to two 
other methods which he calls the method of relative changes and the method of 
trend ratios. 

By the method of relative changes price-consumption or price-output data for 
the commodity studied are tabulated, each item is divided by the preceding 
item, and the link relatives so obtained are then plotted, the consumption or 
output relatives as abscissas and the price relatives as ordinates. A line fitted 
to the scatter so obtained is stated to represent the “law of demand” or the 
“law of supply” according as the data are chosen, that is, according as con- 
sumption or output is used and as contemporary or “lagged” prices are asso- 
ciated with the figures for quantity. Dr. Schultz does not always “lag”’ his 
data in getting a supply curve. He says (pages 137-138): ‘In short, the ‘lag’ 
oracle is not infallible; when the necessary conditions (assumptions) are not 
realized, it will sometimes be dumb, sometimes ambiguous, and sometimes lie.” 
The method of relative changes is defended on the ground (quoted from Moore) 
that ‘“‘by taking the relative change in the amount of the commodity that is de- 
manded, instead of the absolute quantities, the effects of increasing population 
are approximately eliminated, and by taking the relative change in the cor- 
responding prices instead of the corresponding absolute prices, the errors due tu a 
fluctuating general price level are partially removed.”’ 

In the method of trend ratios it is assumed that points on a secular trend 
fitted to price-time data represent “normal” prices throughout the period 
covered by the observations, and that the corresponding points on a secular 
trend fitted to consumption-time data represent the “normal” quantities taken 
at the corresponding “‘normal” prices. We now compute the ratio of the actual 
price for each year to the “normal” price and, similarly, the ratio of the actual 
quantities taken to the ‘‘normal” quantities taken. A line fitted to the scatter 
plotted from the price-consumption ratios so obtained (consumption ratios as 
abscissas and price ratios as ordinates) is again stated to represent the law of 
demand or to be the demand curve. With a proper change in the data selected, 
the supply curve may be similarly constructed. 

A matter which it is of great importance to note is this: the test of confidence to 
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be placed in the results obtained by either method is to be found in the correlation 
between the two sets of manipulated data. If the correlation is high, the result may 
be accepted with confidence; if low, the result must be rejected. The correlation, 
when using the method of relative changes, is computed between the price link 
relatives and the consumption link relatives. When using the method of trend 
ratios, it is computed between the price trend ratios and the consumption trend 
ratios. ‘The data used for obtaining the link relatives or the trend ratios may be 
either adjusted or unadjusted. By adjusted data is meant “‘real prices’’ instead 
of money prices, and per capita consumption instead of total consumption. 
Certain theoretic reasons are advanced for preferring the adjusted data, but, 
after all, the real test of confidence in the results obtained is the test of correlation. 
If the correlation is higher with the unadjusted data, the result presumably would 
be held to be more trustworthy. 

Having obtained the demand and supply curves by whichever method, the 
elasticities of demand and supply may be easily ascertained by applying to the 
dx y!} dx y 
curves the formula, 7 = ~i "z ande “dy 7 

In estimating the value of Dr. Schultz’s contribution to the subject, we must 
be on our guard against imputing to him a claim for having made discoveries 
which he does not in fact claim to have made. He has not extricated from the 
data demand and supply curves in the sense in which these curves are ordinarily 
defined in textbooks of economics, nor does he claim so to have done. On page 
94 we read: ‘‘The law of demand derived in this study is a dynamic law: it de- 
scribes in summary form the ‘routine of change’ of an important economic 
phenomenon. . . . It is quite different from the static law of demand of the 
classical writers. The statical law may be only approached but never realized 
in inductive investigation”; and again on page 189 the same statement in almost 
the same language is made with respect to his law of supply. 

Nevertheless, his “law of demand”’ and his “law of supply”’ are expressed by 
curves, and these curves, as, for example, on pages 37, 59, 73, 83, 144, 158, are 
referred to as demand and supply curves; and, furthermore, from them are 
derived what he calls the elasticities of demand and supply. Since his demand 
and supply curves are not the “neo-classical’’ demand and supply curves, it 
follows that the elasticities derived from them are not the elasticities of demand 
and supply of the neo-classicists. They may bear no resemblance to them. 
Hence the need of caution. In applying the results of his method of analysis 
to any concrete problem, we must decide whether the problem calls for the 
curves and elasticities of the neo-classicists or whether those of his type are 
admissible. 

Let us see just what the difference is. 

The demand curve of the neo-classicists is assumed to be so constructed that 
at the prices of a given commodity represented by random ordinates, the quanti- 
ties taken will be represented by the corresponding abscissas. It is further 
assumed, on the basis of human psychology, that a decrease in price will be ac- 


‘Dr. Schultz does not follow Marshall in using the minus sign. He says: “The 
demand equation will give the proper sign upon differentiation.”’ 
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companied by an increase in takings, and, hence, that the curve descends to the 
right. The prices and the corresponding takings are also assumed to represent, 
as it were, a series of different observations all made at one and the same instant 
of time and in the same market, and, finally, during the experiment the prices of 
all other commodities in the market are supposed to remain constant. 

The above description will apply also to the supply curve, if we substitute for 
the takings of buyers, the offerings of sellers, and note that, since a higher price 
will call forth greater offerings, the curve instead of descending will ascend to the 
right. 

Obviously, as so defined, both curves are and must remain purely mental 
concepts. They have reference to a static society which has no real existence: 
but even if a static society did exist, it would afford no concrete evidence of the 
existence of these curves. For the price and the corresponding takings or offer- 
ings are determined by the point of intersection of the two curves, and if neither 
of the curves ever moved (as they would not in a static society), these data would 
never change. There would be one price and one quantity forever, which, 
plotted, would yield a single point—clearly inadequate data from which to con- 
struct a curve! The data which we do have, and which affords the only statis- 
tical evidence available of the existence of these curves, may, however, be con- 
ceived of as arising from motions of one or both of the curves. It is from such 
data that Dr. Schultz constructs his statistical laws of demand and supply. 
Indeed, that the demand curve (and presumably the supply curve) moves is 
recognized by Dr. Schultz himself. On page 27 we read: “‘ But in order to bring 
the theory of consumption into closer agreement with the facts of our experience 
it is necessary to show how the demand curve moves—how it changes its position 
from time to time.” 

It may easily be shown that his curves bear no necessary resemblance to the 
ideal curves just described. We can show this by starting at the other end of 
the problem. Assume that we know the curves, construct data from their 
movements and then see whether from the data so obtained we can reconstruct 
the curves by applying Dr. Schultz’s methods. A few simple illustrations of this 
process follow, in all of which a closed economy is assumed so that consumption 
and output may be regarded as identical. 

First let us assume (Chart I) that e (the elasticity of supply) =2 and that 
throughout a series of five observations the supply curve remains constant, but 
that the demand curve, whose elasticity, 7, is —14, moves steadily to the right, 
so that the outputs corresponding with its successive positions are 100, 110, 120, 
130, and 140. We will assume that both supply and demand are represented by 
“constant elasticity” curves. The equation of the supply curve will then take 
the form y* =cz and that of the demand curve z./y =c. Finally we will assume 
that the initial price when the output is 100 is $1.00. The equation of the supply 

x ‘ . ‘ : ‘ 
curve then becomes 1? =i00 From this equation the prices corresponding with the 
other assumed outputs may be computed. They are, respectively, $1.05, $1.10, 
$1.14, and $1.18. These conditions are shown in Chart I. The short lines cross- 
ing the supply curve are successive positions of the demand curve. Although 
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the curve changes its position, it may be assumed to retain the same elasticity 
(—14) in all its positions, and the short lines are so drawn as to have the slope of 
tangents at the points of intersection of the curves. 


CHART I 


SUPPLY CONDITIONS STATIONARY; DEMAND CONDITIONS CHANGE; DATA REVEAL 
SUPPLY CURVE 
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If, now, to the price output data we attempt to apply either the method of link 
relatives or the method of trend ratios, we are at once confronted with a difficulty: 
neither method will yield an appreciable scatter to which a curve can be fitted. 
Dr. Schultz, however, suggests (page 32) that percentage changes may be used 
instead of link relatives. If we compare the percentage changes in output with 
the percentage changes in price, we obtain for all the observations approximately 
2—the assumed elasticity of supply. Thus, comparing the percentage change 


. 10 05 ‘ — 
for the first two observations, we obtain 100 +o =2. Making a similar com- 
' . 10 04 . : 
parison for the last two observations we obtain 130 *114 72-2: Nomanipulation 


of the figures will yield the elasticity of demand. 
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Chart II is constructed on the assumption that starting with the same initial 
assumptions in regard to output and price the demand curve remains constant 
throughout the five observations, but that the supply curve, while retaining its 
original elasticity, moves progressively to the right. We obtain from the equa- 
tion of the demand curve (z+/y = 100) as prices corresponding with the assumed 


CHART II 


DEMAND CONDITIONS STATIONARY; SUPPLY CONDITIONS CHANGE; DATA REVEAL 
DEMAND CURVE 
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outputs, $1.00, $.83, $.69, $59, and $.51 respectively. If we attempt to apply 
the method of link relatives or of trend ratios, we encounter the same difficulties 
as before, but by comparing percentage changes we may obtain a fairly close ap- 


proximation to the elasticity of demand. Thus, comparing the percentage 
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changes for the last two observations, we have —T30 *59-~ 57. Ifwehadused 
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the last two observations going backward instead of forward, we should have had 

10 8 
~ 140 ~ 51 
mand. The reason why we do not get the elasticity precisely is obviously be- 
cause in using finite increments the elasticities obtained are “‘arc’’ elasticities 
rather than the “point” elasticities assumed in constructing the equations. No 
manipulation of the figures will yield the elasticity of supply. 


=—.45. Theaverageisverycloseto —0.5, theassumedelasticity of de- 


CHART III 


DEMAND AND SUPPLY CONDITIONS BOTH CHANGE; DATA AFFORD NO EVIDENCE 
OF EITHER SUPPLY OR DEMAND CURVE 
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Finally, we may assume that both curves move, as in Chart III, and so move 
as to maintain a constant price with changing outputs. In this case no applica- 
tion of any of Dr. Schultz’s methods will yield any approach to the assumed 
elasticity either of demand or of supply. 

The cases chosen are, of course, extreme, but the method here used may be 
applied to any price-output or price-consumption data of which the elasticities 
of demand and supply are assumed to be known. It will always be possible to 
account for the data by movements of the assumed supply and demand curves. 
We may then attempt to reconstruct the supply and demand curves by using 
any of Dr. Schultz’s methods. We may succeed, but if we do it will be by 
accident. ! 

It is the reviewer’s opinion that the neo-classical curves and the corresponding 
elasticities can be approximated from data only when, either through intimate 
knowledge of the industry or by some statistical device, we can impute fixity to 
one of the curves while the other remains constant. In that case the data will 
reveal the curve that remains fixed. (See Charts I and II.) More commonly, 
conditions both of supply and of demand change, in which case no manipulation 


' Except, perhaps, when we use the method of multiple and partial correlation. 
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of price-output or price-consumption data, taken by themselves, will, except by 
accident, yield either the supply or the demand curve.! (See Chart III.) 

But because Dr. Schultz’s methods will not educe from data the neo-classical 
demand and supply curves, it does not follow that no importance is to be attached 
to his work.! For certain purposes it is of very great importance. What all of 
his methods, boiled down, amount to is this: Whenever between price and con- 
sumption (or price and output) data, manipulated by any of the methods which 
he employs, a high correlation is found to exist, it may be assumed with some 
confidence that the dynamic forces affecting supply and demand conditions have 
operated with some uniformity or according to some law during the period under 
observation. Hence, the curves or the elasticities derived from them may be 
used, as Dr. Schultz successfully uses them, for discovering the unknown price 
corresponding with a given output or consumption, or the unknown consumption 
or output corresponding with a given price. Such a test applied to an observa- 
tion made during the period covered by the data should yield a close approxima- 
tion to the truth, the higher the correlation the closer the approximation. And 
to the extent that it may be assumed that the dynamic forces will continue to 
operate thereafter in the same manner as they have been operating during that 
period, the methods may be used with some confidence for forecasting. 

The propriety of applying the elasticities obtained by his methods to the 
problem of estimating the effects of a tariff is more open to question. The 


1 ve 
formula, AP =———————, is computed on the basis of elasticities derived 
€a0a — Nala 
Cf 07 — ngCf 


from the neo-classical supply and demand curves. It shows what effect the 
tariff will have on price, if supply and demand conditions (that is, the neo- 
classical supply and demand curves) undergo no change other than such change as 
is produced by the tariff. Will the elasticities obtained by his methods, when 
substituted in the formula, approximate the actual effect of the tariff on price, 
when the tariff is merely one of the numerous dynamic forces whose interaction 
results in the observed prices and outputs? If they will attain this end, the im- 
portance of Dr. Schultz’s contribution to economic science can hardly be over- 
estimated. But on this score the reviewer is skeptical, and Dr. Schultz himself is 
modest in his claims. He says, page 190: ‘‘The object of this study has been to 
make an exploration into the difficult and interesting field of statistical economics, 
not to develop methods of forecasting the price or the production of sugar.” 
This is said with reference to price and production when no new disturbing factor 
is introduced. The reviewer is of the opinion that the likelihood of error in fore- 
casting the price and production which will follow the imposition of a duty is 
even greater. There have been several changes in the duty on sugar in the last 
fifty years. It would be interesting to apply the formula, using his elasticities 0 
each case where the duty was changed, and observe how closely the computed 
price of sugar following the change approximated the actual price. 

One final point deserves notice: Dr. Schultz shows at some length that as the 


1 Except, perhaps, when we use the method of multiple and partial correlation. 
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correlation approaches perfection the coefficients of elasticity of demand and 
supply tend to approach numerical equality, but with opposite signs. With the 
interpretation given by him to demand and supply curves, such a conclusion is 
easily demonstrable. It follows from correlating the same data, first without, 
and then with, a lag. To the coefficients of elasticity derived from the neo- 
classical supply and demand curves, obviously no such principle applies. Either 
may vary from 0 to © quite independently of the other. 

It should be emphasized that the comment made in this review is designed, 
not to discredit, but to clarify Dr. Schultz’s work. His work is a valuable con- 
tribution to the subject and should be welcomed by economists and statisticians. 
Dr. Schultz requests that the following Errata be printed in this review. 


ERRATA 


1. P. 21, line 18, for $4.00 read $3.00. 
2. P. 25, footnote 28, line 3, for Mathématique read Mathématiques. 
. P. 43, footnote 7, third formula, read 


oo 





Sv=[}(02+02) —4-V (2 —03)*+-4°e207]' 

4. P. 139, figure 29. The graph for world production is wrongly drawn. The 
production for 1901 is plotted against 1902 and the production for 1902 against 1903, 
ete. See Table III, page 220, for the correct figures. 

5. P. 173, line 14, read “‘the B’s’’ as “‘the 6’s.”’ 

6. P. 175, line 5, read “(o,)’’ as “‘(e%).”’ 

Partie G. WRIGHT 

The Brookings Institution 


Korrelationsrechnung (calculation of correlation), by Franz Baur. Leipzig and 
Berlin: B. G. Teubner. 1928. 57 pp. 


This little handbook is different from anything available in American statistical 
textbooks. It is devoted, as its name indicates, to a consideration of correlation 
method. While the symbols seem needlessly complicated to an American reader, 
the mathematical development is simple and the explanations very clear. The 
theory of correlation is related to the theory of probability, and regression lines 
and their significance are treated as well as the coefficient of correlation. Multi- 
ple correlation is touched on briefly, but there is no treatment of non-linear 
regressions. 

The book is superior to many American texts in its discussion of the logic of 
correlation analysis and of the significance of the constants obtained. The use 
of correlation methods in economic problems involving trend lines is discussed, 
and the limitations necessary in interpreting the results for such cases are noted. 


Morpecal EZEKIEL 
United States Department of Agriculture 
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Stabilization of Prices, by Joseph Stagg Lawrence. New York; The Macmillan 

Company. 1928. xix, 484 pp. 

The leading feature of this book is an attack on the doctrine that it is possible 
for a central bank to regulate the price level through the control of credit and 
particularly through the discount rate. 

The main argument is that the cost of interest and discount on borrowed 
money is shown by an examination of the returns of national banks for the years 
1918-1926 to be an insignificant percentage of the amount of credit extended by 
them. Mr. Lawrence calculates that whereas the gross yield of the national 
banks’ loans, discounts, and investments averaged 5.663 per cent, the item of 
interest and discount on borrowed money spread over the same total gives an 
average of .2435 per cent. 

Mr. Lawrence estimates the average rate charged by the Federal Reserve 
banks at 414 per cent, and he infers that an increase or a decrease of the redis- 
count rate by 44 per cent would raise or lower the rate charged by member 
banks to customers by only .2435 per cent. He even gives a table (p. 312 
showing what rate charged by member banks corresponds to various rediscount 
rates from 41% per cent up to 941% percent. For example, in order that member 
banks may charge 8.096 per cent, the rediscount rate must be 491% per cent. 

It would be difficult to find a more egregious example of the misuse of averages. 
A banker, when considering what rate of interest to charge a customer, does not 
ask what the average cost of rediscounts is to the whole banking community. 
Nor does he even ask what has been the average cost of rediscounts to his own 
bank over a period of years. He is concerned with the probable outcome of that 
particular transaction. If he thinks it probable that the contemplated loan will 
involve him in getting paper rediscounted, the rediscount rate will be the prin- 
cipal factor in his calculations. Otherwise the rediscount rate will not concern 
him (except in so far as it may have affected the state of the market through other 
bankers). 

When Mr. Lawrence is dealing with the open market operations of central 
banks, he recognizes that sales of securities can make the rediscount rate effective. 
“They enable the Federal Reserve banks to enforce the rediscount rate in the 
New York money market,” and also “to exercise some influence on the rate 
charged to clients in centers where there is some semblance of a market.”’ He 
does not think that they have accomplished anything “‘in smaller communities” 
or in “the South: and West.’’ Mr. Lawrence is led to these conclusions by 4 
statistical examination of rates of interest charged to customers by member 
banks. The places where open market operations do not appear to affect rates 
are no doubt those where there is a wide spread between the rates charged by 
member banks and the rediscount rate. But it is not to be inferred that the 
action of the Federal Reserve banks is entirely without effect on credit in those 
places. The reluctance of many banks to borrow from the Federal Reserve banks 
is well known, and such banks, when driven to rediscount, will put pressure 02 
their customers not to borrow. 

In any case, in order to exercise control over credit, it is not necessary that 3 
change in the rediscount rate should be passed on to all borrowers. It is quite 
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enough to reach some of them, provided those affected include an important 
enough group of borrowers sensitive to the rediscount rate. 

With regard to the sensitiveness of borrowers, Mr. Lawrence argues (p. 325) 
that ‘‘interest charges on borrowed money constitute such a small part of the total 
expenses of the average enterprise that it is difficult to see how they can influence, 
substantially, the commitments which a business man is willing to make, pro- 
vided other factors are favourable.”’ Yet a moment before (p. 321) he has said 
that ‘we are likely to find many conservative business men operating on frac- 
tional percentage margins. There is every probability therefore that a rise of 
several per cent in the interest rate will bar marginal borrowers...” In 
attacking the principle of the susceptibility of credit to regulation by a central 
bank, he might have been expected to give this vitally important question of the 
sensitiveness of borrowers a more thorough treatment than in two meager and 
mutually contradictory passages. 

The main part of the argument regarding the discount rate is directed to 
American conditions and American experience. One short chapter (pp. 412- 
431) deals with bank rate and price control in England, and includes some tables 
of French and German post-war statistics. For England a table is supplied 
collating annual averages of bank rate and the price level from 1845 to 1927. 
Mr. Lawrence supposes that according to the “bank rate theory of price control,”’ 
an advance in the rediscount rate should be associated with a fall in the price 
level, and vice versa. But his table indicates the contrary: “ Fifty-one changes 
in a total of 82 indicate similar discount rate and general price movements, 
while in only 23 cases is the orthodox theory supported” (pp. 421-426). 

His interpretation of the data is completely vitiated by his disregard of the 
well-known principle that rising prices are associated with high short-term in- 
terest rates and falling prices with low rates, though he himself has enunciated 
the principle clearly enough on pages 322-323. (‘Is an interest rate,’’ he there 
asks . . .“‘a cause or an effect of price factors? It obviously cannot be both 
cause and effect.’’) 

According to the bank rate theory of price control, a rise of the price level 
should be checked by raising the interest rate above the high rate corresponding 
to the rising prices, and a fall of the price level should be checked by lowering the 
interest rate below the low rate corresponding to the falling prices. No merely 
statistical analysis of a table of price levels and bank rates could possibly dis- 
entangle their interaction, for the interest rate is “‘both cause and effect.”’ 

For all his eighty-three years of statistics, Mr. Lawrence does not contend that 
“the discount rate as manipulated by the Bank of England has been entirely 
without effect”’ (pp. 426-427). But it is not easy to discover just what sort of 
effect he allows to it. 

And is there not a danger that if he proved his case, he would prove too much? 
For how is the gold standard maintained? It is necessary to keep the value of 
the currency unit equal to the value of a prescribed quantity of gold. The es- 
sential condition is that the internal price level must be kept in equilibrium with 
the external. Mr. Lawrence shows clearly enough that a discrepancy between 
the internal and external purchasing power of the monetary unit cannot con- 
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tinue, but must be corrected by a movement of the foreign exchanges (pp. 23-24). 
But with a gold standard, the movement of the foreign exchanges is limited, and 
an inflow or an outflow of gold must occur, which cannot be checked unless the 
discrepancy between internal and external prices is corrected. If there were no 
central bank, the correction would have to be brought about by the change in 
the volume of currency itself (together with consequential changes in the credit 
situation). But where there is a central bank, the volume of currency is de 
termined mainly not by the amount of gold in the country but by the lending 
policy of the central bank. The lending policy of the central bank (includingits 
open market policy) is an essential link in the chain by which equilibrium is 
regained. If the central bank cannot cause a decline of internal prices through 
a restriction of credit, then this essential link is missing and the gold standard 
cannot be maintained. 

Mr. Lawrence says that “the great majority” of stabilization plans “lean 
heavily upon the quantity theory” (p. 432) and that the quantity theory means 
that in the equation of exchange ‘‘the causal factor . . . is the quantity of 
money ”’ (p. 435). 

Here he is quite mistaken. The majority of the authors of these plans accept 
some form of the quantity theory, as does Mr. Lawrence himself. But even 
Professor Fisher, when he argued that except at times of transition the price level 
is never cause but always effect, did not say that the other factors (velocity and 
volume of transactions) might not be causal. Mr. Lawrence quotes the principle 
that “the changing value of money is itself a cause of a change in the velocity of 
circulation” (p. 452), and says that “ Keynes himself” gives an illustration of the 
principle in his Monetary Reform. But, far from this being an admission by 
“Keynes himself,” no one has laid more stress on this aspect of the quantity 
theory than Mr. Keynes. Professor Fisher is more closely identified with the 
advocacy of the quantity theory than any contemporary economist. Yet even 
his stabilization plan does not depend on the quantity theory. It depends, like 
the gold standard, on the possibility of keeping the currency unit equal in value 
to a prescribed amount of gold, and only differs from the gold standard in that the 
prescribed amount of gold would be subject to variation from month to month. 

The quantity theory, like credit control, is no less applicable to the gold 
standard than to Professor Fisher’s plan. 

As a result of his preoccupation with the general question of credit control, Mr. 
Lawrence gives very inadequate treatment to the subject of price stabilization 
itself. In the introductory part of the book, he deals with the injurious conse- 
quences of instability, and he reaches the conclusion that ‘changes, particularly 
rapid changes, in the value of the monetary unit are viciously detrimental to the 
equitable distribution of individual group and national incomes’”’ (p. 26). Not 
word about unemployment! Even when he is insisting that ‘‘falling prices have 
a distinctly depressing effect on business” (p. 456), he mentions the depressing 
effect on profits but not on employment. 

He avoids the difficult question of the exact meaning of changes in the value 
of the monetary unit, and has very little to say about index numbers. He 
urges as an objection to stabilization that “if the general price level remaids 
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fixed, then every advance of a commodity or group of commodities must be 
compensated by the fall in price of some other commodity or group of commod- 
ities” (p. 461). But if he objects to the price level being fixed by reference to 
an index number, in what sense must it be fixed in order to avoid those changes 
which he regards as “ viciously detrimental ’’? 

The Genoa Resolutions are quoted (pp. 162-165), but Mr. Lawrence’s only 
comment is that they require an international agreement, and he quotes Professor 
Taussig as writing in 1913 that an international agreement for the adoption of the 
Fisher plan seemed to him “‘in the highest degree unlikely.”’ That is not very 
relevant to resolutions, embodying a different plan, which have been adopted by 
international agreement. 

Mr. Lawrence’s neglect of the international aspects of his subject is a serious 
defect. The abandonment of the gold standard is hardly a practical issue at the 
present time, either in America or in other gold standard countries. Conse- 
quently the questions of immediate interest are those relating to price stabiliza- 
tion with retention of the gold standard. The wealth value of gold is determined 
in world markets, and it is beyond the power of any one country to stabilize it 
without regard to the action of the others. Of the relation between the value of 
gold and the demand for it for monetary purposes in the gold standard countries 
of the world, as determined by their respective currency laws and practices, 
he has nothing to say (except that he recognizes the effect on the value of gold of 
the abandonment of silver currencies in favor of gold in the period 1873-1896— 
pp. 204-214). 

In what is, no doubt, a well meant endeavor to enliven an austere subject, Mr. 
Lawrence has been led to adopt a literary style which occasionally becomes 
ofiensive. And he is none too careful to make sure that he understands the 
authors he quotes. For example, he says that Mr. Keynes’s “reasoning at times 
lapses in its accuracy,” and quotes as an instance from Monetary Reform, “If we 
glance at the course of prices during the last five years it is obvious that the 
United States, which has enjoyed a gold standard throughout, has suffered as 
severely as many other countries...” “It must be news,’’ Mr. Lawrence 
comments, ‘‘to Americans familiar with the history of the past five or six years 
that this country has borne a crown of thorns in the form of the gold standard.”’ 

The “crown of thorns” is a characteristic example of Mr. Lawrence’s habit of 
labelling his antagonists’ views with rhetorical phrases which they have never 
used. The phrase entirely misrepresents Mr. Keynes’s meaning, for his point is 
not that the gold standard caused the troubles, but that it did not prevent them. 
And perhaps it is pertinent to point out that, as Monetary Reform was written in 
1923, “the last five years” were the years 1918-1923, not Mr. Lawrence’s “past 
five or six years.” 

R. G. HawrTrREY 
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The Construction of Index Numbers, by Warren Milton Persons. Cambridge: 
Houghton Mifflin Company. 1928. 90 pp. 


Those of the statistical fraternity who, instead of working cross word puzzles, 
prefer to continue the quest for a perfect index number formula—a formula 
which, when applied to a given mass of data, will produce an index series having 
the same trend no matter what base is selected and no matter what interrela- 
tionships may exist between prices and quantities—a formula which will yield 
an index series representing the central tendency of a large group of series 
computed by the aid of various formulas—will find Dr. Persons’ little book very 
helpful and illuminating. He takes up the problem where Professor Fisher drops 
it. Some of Professor Fisher’s conclusions are criticized, but Dr. Persons de- 
votes most of the early part of his book to showing more clearly how the behavior 
of various averages of relatives is affected by correlations existing between prices 
and quantities. Both the theoretical and the experimental work presented throw 
new light on this problem. 

On page 2 we find the following statement: ‘‘ The object of the present study is 
that of measuring the average change of prices of two or more commodities during 
two or more periods. In other words our problem is that of averaging a number 
of price relatives.”’ Furthermore, on page 9 we find this sentence: “In searching 
for an answer to the question, ‘What is the average change of prices between two 
periods?’ we encountered the following difficulties.”” On page 32 the following 
statement occurs: “We may jusuy characterize the price index as logically 
superior to the other indexes that we have examined for a binary comparison.” 

These quotations indicate that Dr. Persons still believes that, for a given set of 
data, there is one average which, if it can be discovered, will give results superior 
to those obtained by any other average. To the reviewer, such an assumption 
seems wholly indefensible, for it implies either that some index series exists which 
will answer correctly all sorts of questions or that index numbers are not devices 
for answering questions but are ends in themselves—mathematical entities 
divorced from the world of economics and business. Apparently, beliefs in the 
existence of such phenomena as “‘base-bias” and in the efficacy of the “base 
reversal test”’ and the “‘circular test”’ have their origin in the latter assumption. 
Just why the index series occupying the central position in a group of index 
series has any claim to merit is not clear to the reviewer; nor does he understand 
why it is deemed desirable that when the index number is computed forward and 
backward a formula should give values which are reciprocals of each other. The 
fact must, however, be recognized that Dr. Persons’ view of the subject corre- 
sponds with that of many of the most eminent students of index numbers. 

In Section IV of the book, Dr. Persons discusses in a very clear way the 
difficulties of obtaining in the correct form the data desired for the construction 
of an index number. He calls attention to the fact that commodities are always 
changing in nature and that this fact makes accurate price comparisons between 
distant points of time impossible. 

Section V is devoted to a discussion of the comparative behavior of chain and 
fixed-base indexes, and some of the relationships between these two groups are 
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clarified. Dr. Persons deserves credit for aiding in the solution of this complex 
problem. 
The book shows evidence of careful preparation and sets forth the results of a 
large amount of painstaking research. 
Wi.Frorp I. Kine 


New York University 


Cours de Statistique, by Albert Aftalion, compiled by Jean Lhomme and Jean 
Priou. Paris: Les Presses Universitaires de France. 1928. 319 pp. 


This book presents the elements of statistics as a method of characterizing 
relations among phenomena. The book consists of three main parts. The first 
part includes graphic representation, averages, index numbers, time series, and 
economic cycles. The second part deals with measures of correlation under the 
rather non-descriptive title ‘ Les lois or les régularités statistiques.’’ Correlation 
is discussed by the use of various coefficients including the Pearson correlation 
coefficient and by the regression method. The third main part presents the sub- 
ject of forecasting with special reference to economic phenomena. The logical 
and technical difficulties of forecasting are discussed briefly. In this connection, 
human phenomena are contrasted with certain physical phenomena. In dis- 
cussing the empirical technique and procedure in forecasting, the author draws 
very largely from American economists and statisticians. 

The exposition is clear throughout and the illustrations are well chosen to 
interest students of economics. On the whole, it seems correct to say that the 
book is very similar to the considerable number of elementary books on statistics 
that have been published by American authors within the past few years. 

H. L. Rrerz 


The Prosperity of Australia, by Frederic C. Benham. London: P. 8. King & Son, 
Ltd. 1928. x, 276 pp. 


In this blend of qualitative and quantitative economic analysis, Mr. Benham 
moves through these three stages: (1) He develops measurements of the Aus- 
tralian national income and wealth from 1901 to 1926; (2) he indicates how these 
are affected by the protective tariff and state wage regulation, as well as by cer- 
tain other factors; and (3) he makes some specific recommendations in the direc- 
tion of lower tariff, less curbing of supply and demand in wages, and more social 
insurance accompanied by heavier direct progressive taxation. “I know only 
too well,” he remarks in closing, ‘that, in Australia, my views will be unpopu- 
lar”; and he gives particulars as to rebuffs received from the Tariff Board. It is 
clear enough that both business and labor interests will find parts of his message 
unwelcome, so that we must admire his courage in urging it upon them. Its 
scientific quality is high, even if but few direct references are made to scholarship 
outside Australia; and foreign economists will find the book a welcome introduc- 
tion to Australian data. 

The first chapters deal with measurements of the country’s national income, 
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wealth, and other indicia of its “‘prosperity,’’ which the author uses as approxi- 
mately synonymous with economic welfare. The official publications of Aus- 
tralia are unusually full of materials for estimates of income. Besides the 
income-tax and the comprehensive labor statistics, there are annual censuses of 
manufactures, agriculture, and some other types of “production.” Like Bowley 
and Stamp, Mr. Benham attempts to avoid counting public expenditures for the 
more than 70,000 war, old-age, and invalid pensioners, as well as payments on 
account of war loans, calling these mere ‘“‘transfers” of income. Capital gains 
and business losses are excluded from the reckoning, while no allowance is made 
for evasion of income tax. The author attempts to include rental values of 
dwellings and all other fixed property, private and public; and he recognizes that 
income consumed directly by its producers (especially farmers) is probably un- 
derestimated. All this shows clear thinking as to principles. Numerous 
calculations, tables, and charts in the end purport to show that the “home- 
produced income” of Australia in 1924-25 was around £667,000,000. Interest, 
dividends, etc., due to foreign equity-owners are estimated at nearly £32,000,000 
(£24,000,000 being interest on borrowings of the Commonwealth and state gov- 
ernments), leaving about £635,000,000 for the folks at home. Mr. J. T. Sut- 
cliffe’s estimate for 1920-21 is corrected by various additions and zubtractions 
which nearly balance one another, so that Mr. Benham makes the “home- 
produced” income for this earlier year £532,000,000, with £25,000,000 due to 
foreign owners. The total population of Australia in 1924-25 was around 
5,874,000, so that the national income was some £108 at current prices. 

Further computations, utilizing several series of index-numbers, indicate that 
real income per head increased by 25 to 30 per cent from 1901 to 1909; remained 
about constant to 1913, then slumped 10 to 20 per cent during the war period, and 
had not quite regained the pre-war level by 1926. Apparently in this whole 
period the advance of income per capita was markedly less than in the United 
States. Estimates are cited on the national wealth and indebtedness for several 
points within the same period. According to government inventories as of 1921, 
the total wealth of Australia amounted to over £2,800,000,000—three fourths of 
it private and one fourth government and municipal property. These same 
proportions are thought to apply to Great Britain; while the Federal Trade 
Commission recently estimated that only 12 per cent of American national wealth 
belongs to federal, state, and local governments. Australian indebtedness to 
foreigners in 1921 is estimated by Mr. Benham at nearly £500,000,000—under 
20 per cent of the total value. In contrast with more or less comparable esti- 
mates for the United States, the per capita wealth in Australia, deflated as to 
price by wholesale index numbers, showed a recession from 1901 to 1915 which 
had not been made up by 1925. 

Nothing is said about the distribution of wealth among families, which is a bit 
curious in view of the apparent care with which Australian official statisticians work 
up annual figures of estates probated and taxed, in connection with total mortality. 
A brief section on distribution of income is featured mainly by Sutcliffe’s table 
purporting to show less inequality than exists in America. An extremely 
interesting revelation of the population census of 1921 was that the average 
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number of children of employer-husbands was 3.55, of husbands working on their 
own account, 3.79, and of wage and salary-earners, 3.02. Presumably, differing 
age-distributions in these groups may have something to do with the case, but 
anyhow Mr. Benham’s inference that people with lower incomes (wage-earners) 
may have somewhat fewer dependents, on the average, than those of higher 
incomes, seems well founded. In other connections (pages 79, 207) he makes the 
statement, apparently on the basis of some rather hypothetical calculations, that 
“ownership” takes only one quarter of Australia’s income, instead of one third 
or more as in Great Britain and elsewhere. 

Natural resources and protection are treated at some length, the conclusions 
being that Australia’s resources per capita, on the whole, compare favorably with 
those of other countries, and that increasing protective tariffs have hindered 
rather than promoted prosperity. Then follow what are to me more intriguing 
chapters dealing with wage-regulation, admirably seasoned, like the earlier parts, 
with statistical procedures. The author shows, on the one hand, that the wage- 
regulating authorities, always purporting to be guided only by the needs of the 
employee, have in fact responded to changing situations of supply and demand. 
On the other hand, they appear to have produced some extra unemployment by 
keeping wages uneconomically high at times. In Table 39, for example, Mr. 
Benham uses census of production data to compare, year by year, the percentage 
which total wages constituted of the total sales value of the product with the 
percentage of workers in the industry unemployed during the year. The direct 
correlation is +.62. He thinks that differentials between skilled and unskilled 
have been driven too low; that average real wages, allowing for unemployment, 
have not increased more than other incomes; and that a national minimum 
income for each mouth to be fed is much more important than a minimum wage. 
He therefore recommends the nation-wide adoption of more (contributory) social 
insurance, including the “child endowment” scheme already in force in New 
South Wales. In this state the wage boards attempt to set the minimum wage 
according to the needs of man and wife only. The employer is also required to 
pay some 3 per cent of his wage-bill into a fund, out of which workmen of suffi- 
ciently low income are allowed to draw for the support of actually dependent 
children. 

If Mr. Benham’s views are unwelcome to politicians, most of them are con- 
genial to moderately conservative economists. His critical treatment of two 
favorite Australian policies, protection and wage-regulation, gives, perhaps, some 
special weight to his explicit or implied approval of two other policies which the 
conservative in general regards with suspicion, namely, social insurance (par- 
ticularly family allowances) and extended state industries. Nowhere do I find 
him prophesying that family allowances will produce overpopulation, or crying 
for “more business in government and less government in business.” 

Z. CLARK DICKINSON 
University of Michigan 
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Business Cycles and Business Measurements: Studies in Quantitative Economics, 
by CarlSnyder. New York: The Macmillan Company. 1927. xvii, 327 pp. 


This book should be very helpful to the business man eager to acquire some 
knowledge of recent statistical findings regarding the business cycle, as well as 
to the student who is receiving instruction of a more formal sort in classes. It 
is not, however, intended to form a complete and self-sufficient treatise on the 
entire business cycle problem. 

The organization of the book is admirable. The text is clear and incisive, 
the 56 charts are thoroughly effective in themselves, and are adequately sup- 
ported by first-rate descriptions of source, composition, weighting, etc., and by 
a 75-page Appendix of tables. A special and very useful feature is the alpha- 
betically arranged index of charts and tables at the back of the book, where a 
short bibliography is also offered along with the usual index to text. 

Naturally, Dr. Snyder’s own work in conjunction with his staff at the New 
York Federal Reserve Bank figures largely in this group of “studies in quan- 
titative economics.’”’ The author introduces the description of these studies 
with four short chapters. The first of these, “‘The Nature of Business Cycles,” 
contains some A B C economics; the following three are devoted to some A BC 
statistics: the measurement of economic growth (including non-linear secular 
trends), the isolation of business-cycle forces from the cross-currents of other 
sorts affecting almost any time series of raw economic or business data, and, 
finally, that important but oft-neglected problem of choosing an appropriate 
base period for index numbers. 

After this introductory matter, Dr. Snyder describes in extenso his weighted 
general index of the “Volume of Trade” and its five major constituents— 
Production (of producers’ and consumers’ goods separately), Primary Distri- 
bution, Distribution to Consumers, General Business Activity, and Financial 
Activity—and also treats at some length individual series comprising each of 
these major constituents. The chapters following contain a description, with 
some critique, of bank clearings (Chapter VI) and of the velocity of bank de- 
posits (Chapter VII) as measures of business cycles. After hasty review of 
certain other measures of the business cycle, he discusses the difficult and moot 
question of applying price deflators to dollar value series. In this respect he 
goes further than almost any other writer has gone—further, indeed, than many 
would be willing to go—in accepting certain price indexes as proper deflators for 
certain dollar-volume series now available. 

The author treats, I think, too lightly the difficulty of securing a price series 
truly reflecting the economic composition of a dollar-value total such as bank 
clearings or bank deposit turnover. His view may be summarized as follows 
(pages 180-181): 

It may be freely admitted that the method is not without its dangers, & 
pecially in inexperienced hands. But if the findings are checked, step by step, 
with every kind of quantity data available, as our knowledge widens we groW 
to confidence in the results. For the rest it seems to the writer that much of 
the distrust which oy feel toward deflated series arises from two miscoD- 
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ceptions. The first is that a meticulous accuracy is attainable even with ow 
most cherished quantity data. It isnot. And the other is that the “deflating 














th 
su 
co 
til 
of 





(116 


mics, 
7 pp. 
some 
ell as 
;. 
n the 


isive, 

sup- 
id by 
|pha- 
ere & 


New 
juan- 
udies 
cles,” 
BC 
cular 
other 

and, 
yriate 


thted 
nts— 
istri- 
uncial 
ch of 
with 
k de- 
ow of 
moot 
ct he 
many 
rs for 


series 
bank 
yllows 


rs, e& 
step, 
' grow 
ich of 
iscon- 
-h our 





117] Reviews 225 


indexes, to be of value, must themselves be of meticulous accuracy. For the 
most part price changes, and therefore these deflating indexes, are slow moving 
and do not often affect the cyclical swings. The huge upheaval of 1919-1921 
was quite extraordinary, and, like that of our Civil War, may not recur in half a 
century. In periods of slowly changing prices, price changes in any series, to 
a large extent, will be taken care of in the computation of a long-time secular 
trend. 


The chapter on business failures as a cyclical barometer adds little conviction 
as to the dubious merits of that variable. The chapters on prices, and es- 
pecially that on interest rates, contain some thoughtful contributions which 
the student and the business man alike will value. 

W. A. BERRIDGE 

Metropolitan Life Insurance Company 


An Analysis of Bank Statistics for the United States, by Allyn A. Young. Cam- 
bridge: Harvard University Press. 1928. vii, 78 pp. 


This book consists of a series of four articles reprinted from the Review of 
Economic Statistics, 1926 and 1927. It presents, in compact form and with 
“little or none of the interpretative analysis which the figures obviously invite,” 
a number of time series of banking and monetary statistics, almost all of them 
compiled from the annual reports of the Comptroller of the Currency. The 
primary data cover an extended period—for some series nearly 60 years (1867- 
1926)—with figures for irregular intervals, determined by call dates, which ap- 
proximate two or three months. For the period 1901-1926, for which the basic 
figures are subjected to refinement, an analysis of the data is made with a view to 
determining seasonal, cyclical, and regional characteristics. 

Some of the principal inferences drawn from the data by Professor Young 
may be briefly enumerated as follows: 

1. The combined loans and investments of banks, their total earning assets, 
have increased more rapidly than their invested capital. 

2. Investments have increased more rapidly than loans, especially since 1888, 
and more especially for banks outside New York City. The banks generally 
increased their holdings of investments most rapidly when bond prices were 
relatively high, and vice versa. ‘The increase since 1915 of the amount of 
investment securities held by the commercial banks of the United States has 
had the proportions of a veritable revolution.” In general, however, since 1915, 
the growth of investments has been much less rapid than the growth of time 
deposits. 

3. “Money flows into hand-to-hand circulation in the early winter and in 
the spring, when retail trade is especially active; later in the winter, and in the 
summer, when retail trade is dull, money accumulates in the banks.’”’ The 
conjecture is advanced that the seasonal variations of the money in merchants’ 
tills count for more (except probably at harvest time) than the seasonal variations 
of money in peoples’ pockets. 

_ 4. The amount of money in hand-to-hand circulation (i. e., outside banks) 
increases and decreases from time to time for reasons other than seasonal; these 
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“eyclical fluctuations” generally lag behind those of wholesale prices, frequently 
bya substantial interval. Since the establishment of the Federal Reserve system, 
but not before, seasonal changes in the amount of vault cash held by the com- 
mercial banks have correlated directly with changes in the amount of money in 
circulation. 

5. Deposit currency—defined as deposits exclusive of interbank deposits— 
showed, prior to 1915, considerable seasonal elasticity, at least for the country 
as a whole. 

6. For the period 1915-1926, the magnitude of seasonal variations in loans, 
deposits, ete., was certainly not smaller, and in some instances was larger, than 
before the Federal Reserve system was established—but the nature of the 
seasonal fluctuations was different. 

7. “I see no basis for the belief that these cyclical swings (of industry, prices, 
trade), once under way, were never halted until the resources of the banks had 
been exhausted. Monetary factors . . . set limits . . . but only in cycles of 
exceptional magnitude do such limits become effective.” 

8. Deposit currency and money in circulation (money outside of banks) do 
not, since 1915, expand and contract at the same rate; 7. e., the ratio of the one 
to the other is far from constant. This point is commended by the author “to 
students of monetary theory, and particularly to those who have been accus- 
tomed to assume that the ratio is constant and that variations of the sum of 
bank deposits and money in circulation are sufficient to explain all the changes, 
even short time changes, of the general level of prices’’; variations in the ratio 
are essential parts of the ‘cycle’? mechanism. 

A distinguishing characteristic of the study, and one that is stressed, is that 
almost all of the series are given separately for New York City banks and banks 
outside New York City—not for all national banks combined. It is not alto- 
gether clear, however, that this procedure is uniformly fruitful, although some 
interesting contrasts are developed: At one season (summer to autumn) bank 
holdings of vault cash went down in the interior and up at New York; at another 
season (early autumn to late autumn) deposits went down at New York and up 
in the interior. The second of these relationships is attributed in part, and quite 
justly, to “‘changes in the direction of the net balance of payments.”’ “ Money 
flows back to the interior”—so runs one qualified statement—“ because loans 
and investments have expanded there. Loans and discounts expand in New 
York because money has flowed there.” The reverse of this proposition, it 
seems to the reviewer, could be quite as well substantiated; the proposition itself, 
perhaps, would have been qualified further if the study had recognized, as it 
nowhere seems to do, the fact that the loans of outside banks, as reported to the 
Comptroller, have always included their street loans made in New York City. 
One may hesitate, furthermore, to conclude from the data, as Professor Young 
seems to do, that the causal relation, if any, between fluctuations of the banking 
series and “business activity” is probably closer for the “‘outside”’ series. 

A very salient part of the study undertakes the regional dissection of the data, 
in respect both to seasonal and to cyclical aspects. The fact is brought out, 
for instance, that in the south and west bank deposits decrease seasonally in the 
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spring and increase seasonally in the fall, while in the eastern and middle western 
states their seasonal movement is exactly the opposite of this; this points to the 
special significance of “seasonal changes in the balance of payments between a 
section and the rest of the country.’”’ It is also indicated, as an inference from 
the diversity of the regional series, “that geography has something to say on the 
negative side of the question of the significance of the notion of a ‘typical’ cycle.” 

The compilation of the basic series that are here brought together is of distinct 
value to students of banking developments. They obviously invite, further- 
more, the very type of “interpretative analysis” that this study purports to 
extend but sparingly—as by comparing them with series representing the course 
of production, employment, prices, etc. Certain inherent shortcomings of the 
data, however, set distinct limits to their value. Their merit resides chiefly in 
their length—about 60 years; they are not only not on a monthly basis but they 
suffer quite evidently from their origin—in reports devised by, or at least 
primarily for the use of, authorities charged with enforcing specific laws and 
regulations upon individual banks. They are essentially statistical by-products 
of the function of “examining banks” ; that they can in fact be used to illuminate 
the course of economic history, but somewhat dimly, is almost accidental. The 
problem really requires data collected more nearly ad hoc, like the new but length- 
ening series, daily, weekly, or monthly, for brokers’ loans at New York City, 
bankers’ acceptances outstanding and held by banks, commercial paper out- 
standing, money in circulation, transfers from section to section through the 
gold settlement fund of the Federal Reserve system, and more discriminating 
and comprehensive regional data of various kinds, including bank deposits 
subject to check and classified loans of all classes of banks. 

Car E. Parry 
Federal Reserve Board 


Stock Dividends: Report of the Federal Trade Commission made in response to 
Senate Resolution No. 304, 69th Congress, 2d Session, approved December 
22, 1926. (Senate Document No. 26, 70th Congress, First Session.) 273 pp. 


This is an exhaustive report of the results of a questionnaire sent to some 
18,000 corporations, with primary reference to the amounts of stock dividends 
issued during the years before and after the decision of the Supreme Court of the 
United States (Eisner v. Macomber, 252, U. S. 189, March 8, 1920) which held 
that stock dividends were not taxable as income. 

The purpose and plan of the investigation can best be shown by reference to 
the terms of the Senate Resolution which authorized the inquiry: 


WuerEAs it has become the usual practice of corporations in order to protect 
stockholders from the payment of income taxes, to declare stock dividends; and 

Wuereas this procedure enables corporations to acquire competing plants, 
and in this way avoid the provisions of the anti-trust laws; and 
_ Wuereas in order to legislate upon the subject, the Senate should be fully 
informed as to the extent of this practice: Therefore be it 

Resolved, That the Federal Trade Commission be, and it is hereby, directed to 
ascertain and report to the Senate the names and the capitalization of corpora- 
tions that have issued stock dividends, together with the amount of such stock 
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dividends, since the decision of the Supreme Court holding that stock dividends 
were not taxable, and to ascertain and report the same information as to the 
same corporations for the same period of time prior to such decision. 


The statistical work of the Commission was planned intelligently, considering 
the limitations imposed by the Senate Resolution, and the results have been 
compiled with skill. It was apparent at the outset that a report compiled in 
literal compliance with the terms of the Senate Resolution would be very mis- 
leading on account of the statistical bias which would result from tabulating only 
companies which issued stock dividends after the decision. Accordingly, in- 
formation was asked from all corporations known to have issued stock dividends 
at any time from 1913 to 1926. The questionnaire called for the amounts of 
stock dividends issued, the amount of stock outstanding, and the total surplus 
and undivided profits shown by the books at the closing date nearest the end 
of each year from 1912 to 1927 inclusive. Reports were obtained from 10,245 
corporations which issued stock dividends during the years 1920-1926, but 
from only 303 more which issued stock dividends in 1913-1919. For these 
10,245 corporations the report gives the names and the information pertaining 
to them which was called for by the Senate Resolution, and also a summary. 
There is also an analysis of the combined records of 2,971 corporations from 
which reports on dividends and stock capitalization were obtained for the whole 
14-year period, and another summary of the records of 1,000 corporations shown 
by the financial manuals to have issued stock dividends at some time during the 
14-year period. These tabulations make obvious the effect of the taxation of 
1920 on the rate of issuance of stock dividends. For the 2,971 corporations the 
amount of stock dividends issued from 1920 to 1926 was 476 per cent greater 
than in the years from 1913 to 1919, while the amount of cash dividends was only 
73 per cent greater. For the sample of 1,000 corporations, the increase in cash 
dividends was again 73 per cent, while the increase in stock dividends was 439 
per cent. 

The Commission is very cautious in the interpretation of its data. There 
is an excellent discussion of the factors which contributed to the reinvestment of 
profits in the war and post-war period and of the effect of taxation in encouraging 
reinvestment of earnings while discouraging the capitalization of surplus. 

While there is no direct comment on the economics of the Resolution, the 
discussion makes obvious the error in the first paragraph of the Senate Resolu- 
tion. It is not the declaration of stock dividends, but the failure to declare cash 
dividends which protects stockholders from the income tax. There is n0 
reference to the still more preposterous doctrine of the second paragraph, namely, 
that the declaration of stock dividends enables corporations to acquire competing 
plants and thus evade the anti-trust law. 

The body of the report closes with the cautious generalization that “evel 
though it is necessary or desirable for one reason or another to pursue a policy 
of building up a large surplus from earnings and reinvesting it in the business, 
it does not follow that it is either necessary or desirable to capitalize that surplus 
to the extent prevailing in the last few years.” This is true. So far as the 
reviewer can see, however, it would be equally true to say that “it does not 
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follow from anything in this report that it is undesirable to capitalize the surplus 
to the extent prevailing in the last few years.” In the vast majority of cases the 
capitalization of surplus through stock dividends is a matter which is of no 
consequence either to the public or to the stockholders. The report embodies 
the results of an investigation well made, but not worth making. 
Cuar.es O. Harpy 
Institute of Economics 


Petroleum and Coal, the Keys to the Future, by W. T. Thom, Jr. Princeton: 
Princeton University Press. 1929. 223 pp. 


At a time when both of the major fuel industries of the world are suffering 
from a tendency toward overproduction, it is especially helpful to have this 
review of the world’s reserves of coal and oil from the pen of a geologist of 
distinction. Petroleum and Coal, the Keys to the Future is quite the best critical 
summary of our present knowledge of the original occurrence, geological dis- 
tribution, and aggregate reserves of the mineral fuels. The book deserves 
intensive study by those interested in geography and industry and should be 
widely used by workers in the social sciences who desire an authoritative state- 
ment of present geologic opinion. Chapters sketching the importance of fuel to 
present and future civilization and outlining some of the outstanding economic 
problems serve as a background to the discussion of reserves which is the primary 
purpose of the book. 

The author is peculiarly fitted for his task. At present professor of geology 
at Princeton, he was formerly chief of the section of oil and coal geology of the 
United States Geological Survey. Long experience in the field and laboratory 
investigations of the Survey, participation in its economic studies, and observa- 
tions in foreign lands have rounded out his exceptional equipment. 

In discussing the coal fields of the world, the author stresses the primary 
importance of coking coal in determining the location of the iron and steel in- 
dustry. Recent advances in the fuel efficiency of the blast furnace, reducing 
the consumption of coke per ton of iron ore, have not altered the verdict of 
experience that the ore tends to move to the fuel rather than the fuel to the ore. 
In addition to the requirements of coke manufacture, the consumption in steel 
works, rolling mills, and the associated heavy industries raises the ratio of coal 
to ore to more than two to one. 

In connection with the distribution of petroleum reserves, the author em- 
phasizes the danger of international friction unless nations adopt some equitable 
plan for the free movement of the product in international trade. Recent 
geologic study serves but to emphasize the unequal distribution of mineral fuels. 
Africa and Australia lack major reserves of either oil or coal. South America is 
rich in oil but poor in coal, and Europe is rich in coal but, outside of the Black 
Sea region, poor in oil. Asia, in different parts of its vast expanse, is rich in both 
coal and oil. North America contains more than half the coal and, with readily 
accessible supplies from the Caribbean region, is heavily endowed with oil. 
The greatest store-house of oil is probably the region of Tertiary sediments 

extending from the Black Sea and the Caspian to the Persian Gulf. 
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A concluding chapter treats of the aggregate reserves of the world in relation 
to the possible demands. The bearing of future developments in the technique 
of exploration and production is illustrated by the outlook for petroleum. Past 
estimates of American reserves, such as those of 1922 which placed the gil 
recoverable by methods then in use at nine billion barrels, can now be greatly 
increased, not so much because of discovery of new deposits as because of eng- 
neering progress in drilling to deeper sands and in recovering a larger percentage 
of the oil imprisoned in the sand. Since 1922 the practicable depth of drilling 
has increased from 5,000 to 8,500 feet, and the proportion of oil in the sand which 
can be recovered through secondary operations has increased from perhaps 15 
to nearer 50 per cent. 

The outlook for the world’s supplies in the future is summarized as follows: 

Our coal reserves appear to be large enough to last, with due economy of use, 
for a thousand years or more—that is to say, far beyond the range of valid 
prediction. The world’s reserves of oil practically available by methods now in 
use, although of scant size when viewed from a broad national or humanistic 
standpoint, appear to be so capable of multiplication (in so far as practical effect 
is concerned) by economies of use, by improvements of discovery and produc- 
tion, and by the use of supplementary sources of energy, that the situation is one 
calling for sound judgment and careful planning for the future rather than for 
pessimism and alarm. Increased recoveries of gasoline from natural gas and 
of motor fuel from coke-oven operations, the artificial conversion of coal into 
liquid fuel products and the possible conversion of natural gases into gasoline, 
together with the revolutionary reduction in the quantities of coal required 
for major power purposes, and equally great prospective economies in the use 
of oil products, all go to assure us that if the public actively interests itself in the 
support of science, and if scientists really devote themselves to the pursuit of 
knowledge for humanity’s sake, we will never be destitute of the necessities of life, 
although we likewise may never escape from the necessity of earning our living. 

The author’s treatment would be strengthened by a more extended reference 
to the tendency toward increasing cost, arising through the increasing difficulties 
of mining. Absolute exhaustion of any mineral is a distant and remote thing; 
increasing cost due to exhaustion of the richest deposits is often imminent. 
The state of Maryland is credited by Professor Thom with 8,043,000,000 tons of 
coal originally in the ground. The quantity mined to date is 220,000,000 tons, 
and even allowing for waste in mining, at least 94 per cent of the original tonnage 
is still there; yet exhaustion of the thickest and most accessible coal has s0 
increased the difficulty of mining that the output of man per day has fallen from 
4.05 tons in the late nineties to 3.47 tons in the period since the war. Similarly, 
the coal produced:in England to date is barely 8 per cent of the original tonnage 
according to the very careful and probably correct estimates of the geologists. 
Yet the output per worker has been declining since 1883, and with 92 per cent ol 
the original reserve still intact, the British are driven to use seams as thin as | 
inches and to work at depths as great as 3,500 feet. The technical progres 
which in other industries results in a rapid and continuous increase in output 
per man tends in mining to be absorbed by the increasing difficulties of nature. 

Professor Thom’s style is vigorous, clear, and pleasing. On March 21, 192%, 
the Geological Survey celebrated its fiftieth anniversary, and not the least of its 
services has been the standard of clear and simple exposition of technical matter 
impressed upon its graduates. F. G. Tryon 
Washington, D. C. 
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RECENT LITERATURE 


Due to the appearance in March of the new journal 
SOCIAL SCIENCE ABSTRACTS 


which is designed to cover fully and for the several social 
sciences the field dealt with superficially in the Recent 
Literature section of our JOURNAL, this section will hence- 
forth be discontinued. 

Social Science Abstracts will be published monthly and 
will afford thorough abstracts of new material appearing in 
periodicals, government publications, bulletins, reviews, etc. 
It will cover foreign as well as local sources in the fields of 
cultural anthropology, economics, history, human geography, 
political science, sociology and statistics. 

For further information the reader is referred to this 
JOURNAL, June, 1928, Vol. 23, No. 162, p. 187, and December, 
1928, Vol. 23, No. 164, p. 448, and to 


Tue Epitor, Social Science Abstracts, 


611 Fayerweather Hall, Columbia University, 
New York City. 
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